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Abstract

Camels form an integral part of everyday life of Bedouins and other communities
living in arid/desert zones. There is evidence that these communities use camel milk
and urine for therapeutic purposes. The aim of this study was to determine the
chemical composition of Rhanterium epapposum, Astragalus spinosus, Tamarix
aphylla and Citrullus colocynthus -desert plants used commonly in camel fodder,
which may be a source of therapeutically active compounds that could be transferred

to camel body fluids.

Plants were investigated phytochemically and a range of compounds, including
phenolic compounds containing sulphur, were elucidated; one of which appears to be
novel. In addition, flavonoids, isoflavonoid derivatives, cucurbitacin, and

cucurbitacin glycosides were isolated from these plants.

Isolated compounds produced in adequate quantities were screened in vitro for
cytotoxic activity against human cancer cell lines: A375 (malignant melanoma),
PANC-1 (pancreatic carcinoma), A2780 (ovarian carcinoma), ZR-75-1 (breast
carcinoma), LNCaP (prostate carcinoma), and HelLa (cervical cancer) and a non-

cancer (PNT2) cell line using an AlamarBlue® assay.

In parallel, this study also attempted to examine miRNAs present in the plants, camel
milk and urine, which might have a therapeutic role via the dietary xenomir
hypothesis which suggests plant-derived small nucleic acids can be passed through
the food chain to humans and potentially regulate human gene expression.

In conclusion, compounds were identified for the first time from camel fodder, some
of which had anti-cancer activity. In addition, to phytochemicals, preliminary data
showed the possibility of miRNA molecules from these plants having an anti-cancer

role to play.


http://alsirhan.com/Plants_s/Rhanterium_epapposum.htm
http://alsirhan.com/Plants_s/Citrullus_colocynthis.htm
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Chapter 1 Introduction



The introduction will consist of four parts; general introduction contains background
information about the therapeutic importance of camel milk and urine,
phytochemical analysis of desert plants used in camel fodder, molecular analysis of

these plants and camel milk and urine samples, and the aims of this project.
1.1 General introduction

Camels have been domesticated for thousand years and used for their milk, meat,
wool, transportation, and in agricultural work for ploughing and water extraction
(Andah et al., 2014). Camel milk is the most important camel product and has been
consumed by many Bedouin cultures for generations (Raziq et al., 2008). These
animals are a reliable source of milk production during dry seasons and contribute up
to 50% of the nutrient intake of the nomads (Seaman et al., 1978; Farah et al., 2007).

Historical texts, dating back hundreds of years, reveal traditional medicine in desert
regions has made use of camel milk and urine as treatments for various diseases such
as asthma, cancer, common cold, diabetes, jaundice, and hypertension and its use
continues today (Yardav et al., 2015). The Holy Qur'an mentions the camel several
times in different contexts and refers to the camel as a very important animal.
Traditionally (Al Hadith), the Prophet Muhammad (S.A.W) recommended camel
milk and urine to his followers as a medicine for different health problems. In
addition, the consumption of camel milk and/or urine is considered a natural remedy
in Arabic medicine to treat several diseases for Bedouin communities (Kaskous,
2016). There are many modern scientific studies that have examined the efficacy of
camel milk, urine, and milk-urine mixtures against a range of diseases (Introduction
Section 1.1.1 and 1.1.2).

The potential efficacy of camel milk and urine therapy could depend on desert plants
found in camel fodder, which may be a source of therapeutically active compounds
that could be transferred to the camel milk and urine following digestion. There is
evidence of the benefit of using some supplements to animal food to ensure quality

animal products for human consumption. Reports have demonstrated that selenium,



which has antioxidant properties, when used as an animal feed supplement can
deliver nutritional benefit to human consumers of animal products (Sretenovic et al.,
2007). Dietary selenomethionine-containing plant or yeast protein can also be stored
in animal proteins to offer nutritional content of selenium in animal products.
Consequently, supplemented animal feed can lead to production of antioxidant-
enriched eggs, milk, and meats for human consumption (Surai et al., 2006; Ravn-
Haren et al., 2008; Fisinin et al., 2009; Navas-Carretero et al., 2010).

On the other hand, milk and milk products have been linked with some diseases due
to infected foods and contaminated water. One example is Pteridium aquilinum
(bracken fern), known to be the cause of acute or chronic toxic syndromes of
livestock that ingest it (Yamada et al., 2007; Vetter, 2009). A norsesquiterpene
glucoside (ptaquiloside) has been found to be the major toxin and carcinogen of P.
aquilinum (Niwa et al., 1983). This compound is transformed to pterosin B in acidic
solution (such as stomach acid) and it can form an unstable dienone, which is
immediately converted to pterosin B under alkaline conditions (as found in lower
parts of the intestinal tract) (Yamada et al., 2007). Both compounds have been
reported to induce DNA damage and mutations (Matoba et al., 1987; Freitas et al.,
2002). Ptaquiloside has been detected in the milk of cows fed with P. aquilinum
(Alonso- Amelot, 1998). Humans can be exposed to P. aquilinum either by eating the
plant or indirectly by the consumption of contaminated milk (Haenszel et al., 1976;
Shahin et al., 1999; Gomes et al., 2012).

Coumarin is one of the ingredients in sweet clover and it is converted to a toxic
substance, dicoumarol, in spoiled sweet clover (Wyllie et al, 1978). This toxin causes
a bleeding disorder in animals by interfering with the synthesis and metabolism of
vitamin K1, which is essential for normal blood clotting. Dicoumarol can pass
through milk to calves when the cows ingest mouldy sweet clover. This causes death
in new-born calves (Fraser and Nelson, 1959). Oleander (Nerium oleander) is an
ornamental plant and commonly exists in the southern United States and contains

oleandrin which is a toxic cardiac glycoside found in the aerial parts of this plant


https://en.wikipedia.org/wiki/Glucoside

(Langford and Boor, 1996). Oleander poisoning of humans and different domestic
animals is common in regions where this plant grows (Aslani et al., 2004; Soto-
Blanco et al., 2006). Just a few leaves of this plant can cause death in horses and
cattle (Galey et al., 1996); while, a single leaf may be lethal for children (Shaw and
Pearn, 1979). It is not only the consumption of plant materials that can pass on
compounds harmful to the health of animals that ingest cattle products. Other studies
have shown that livestock feeds contaminated with aflatoxin B1 lead to excretion of
the metabolite (aflatoxin M1) in animal milk, resulting in a potent liver carcinogen in
humans through the consumption of contaminated milk (Massey et al., 1995; Kang
and Lang, 2009). Finally, some antibiotics that are used in livestock feed to prevent
or treat bacterial infections, or promote growth, are reported to cause allergies or
bacterial infection in humans who consume the contaminated milk (Phillips et al.,
2004).

In arid zones, camels browse mainly on plants that are high in salt, thorny bushes and
bitter plants including Tamarix aphylla, Haloxylon aphyllum, Astragalus spinosus
and Aristida karelinii, which are generally avoided by other animals (Igbal and
Khan, 2001). This indicates that the difference of composition of camel milk and
urine compared with cattle and goats could, in part, be due to the type of plants that
are consumed. T. aphylla is a desert plant which is reported to have bioactive
compounds such as ferulic acid derivatives, ellagic acid derivatives, flavonoids,
phenolic aldehydes, terpenoids, and tannins (Souliman et al., 2012). Orabi et al.
(2013) demonstrated significant human tumour-selective cytotoxic activity of

isolated tannins from this plant.

Plants need to defend themselves from attack by micro-organisms, in particular
fungi, and they do this by producing anti-fungal chemicals. Because fungal and
human cells are similar at a biochemical level, it is often the case that chemical
compounds intended for plant defence have an inhibitory effect on human cells,

including human cancer cells (Cardenas et al., 1999).


http://a-z-animals.com/reference/glossary/#Animal

The medicinal value of drinking camel milk and urine could also be attributed to a
modern concept known as the dietary xenomiR hypothesis (Zhang et al., 2012a).
This proposes a potential cross-kingdom action of plant-derived micro-ribonucleic
acids (miRNAs) through dietary intake and their ability to regulate mammalian gene
expression. Applying this xenomiR hypothesis here, one might suggest that the
therapeutic value of camel milk and urine could be associated with the plant-derived
miRNAs; these small nucleic acids could be passed through the food chain to

humans via camel milk and/or urine and might regulate human gene expression.

Zhang et al. (2012a) determined the presence of several exogenous MiRNAs,
including osa-miR-168a, in the serum of mice via their food intake and they revealed
that the plant miRNAs were able to inhibit mammalian gene expression in the liver.
Further evidence comes from sequencing and microarray analysis of miRNAs in
porcine milk exosomes has led to the detection of hundreds of miRNAs, which are
potentially involved in regulation of immunity of newborn piglets (Chin et al., 2014).
More recently, a study demonstrated that the plant miRNA miR-159 is abundant in
human serum and inversely associated with the incidence and progression of breast
cancer in patients. The study revealed that the oral administration of a miR159-
mimic significantly inhibited the growth of xenograft breast tumours in mice. These
findings suggest the ability of plant miRNASs to inhibit cancer growth in mammals
(Chin et al., 2016). The above observations support the dietary xenomiR hypothesis
and suggest that the plants could be a source of mammalian tumour suppressor

miRNAs and may provide a new treatment for human diseases.

1.1.1 The camel

According to the Food and Agriculture Organization (FAO, 2012), the estimated
global camel population is 20 million. There are two major species of camels: 89%
are Arabian dromedary camels (Camelus dromedarius) which are characterised by a
single hump, that live in North Africa and the Middle East; and 11% are Bactrian
camels (C. bactrianus) that have two humps and exist only in China and Central Asia

(Peters and Driesch, 1997). A full-grown dromedary camel grows to a shoulder



height of 2 meters and weighs 300 to 600kg while Bactrian camels stand 1.85 meters
at the shoulder and weigh 300 to 1000kg (Khanvilkar et al., 2009).

1.1.2 Dietary and therapeutic properties of camel milk

The estimation of daily production of camel milk depends on many factors such as
age, feeding conditions, calving number, and stage of lactation (Khaskheli et al.,
2005). According to the FAO (2012), daily milk production in a lactation period of
8-18 months ranges between 1.0 and 2.7 litres in Africa while in South Asia reaches
up to 12.0 litres. The world production of camel milk is 1,300,000 tonnes per year
including about 850,000 tonnes in Somalia 89,000 tonnes in Saudi Arabia and 40,000
tonnes in the United Arab Emirates (UAE) (FAO, 2012).

In many African and Asian countries, camel milk production is growing due to
increased demand (Al-Otaibi and EI-Demerdash, 2013). The production of
pasteurised camel milk and other dairy products made from camel milk has also
increased in super markets (Igbal and Khan, 2001; EI-Agamy, 2006). The popularity
of camel milk has reached countries beyond Africa and Asia. In 2013, the European
Community licenced the importation of camel milk from the UAE. The main
supplier of camel milk is the Dubai-based Emirates Industry for Camel Milk and
Products (EICMP), which produces trademarked camel milk known as Camelicious.
It is on sale currently in some European countries such as England, Denmark, and the
Netherlands. In addition, a chocolate manufacturer, Al Nassma, sells camel milk
chocolate through the Harrods store in London (Abdel Gader and Alhaider, 2016).

Camel milk has been reported to have a high vitamin, mineral, and immunoglobin
content (Table 1.1, Hamad et al., 2011). Farah et al. (1992) found that the milk of
dromedary camels contains water-soluble vitamin C at an average three times higher
than that of bovine milk, but less fat soluble vitamin A and B2. In addition, Al-
Humaid (2010) reported high levels of minerals and vitamins in camel milk, as well

as reports of low cholesterol levels (Yagil and VVan Creveld, 2000).



Table 1.1: Vitamin and mineral content of camel and bovine milk.

Name of component Camel milk Bovine milk
(mg/100mI+SD) (mg/100mI+SD)

Vitamin A 0.04+0.002 0.36+0.02

Vitamin C 4.51+0.24 1.58+0.81

Vitamin E 0.26+0.03 0.11+0.01
Sodium 40.00+3.01 39.00£2.67

Zinc 2.21+0.17 2.01+0.14

Copper 0.17+0.02 0.11+0.01
Magnesium 12.12+1.00 13.12+1.00
Chloride 123.0048.31 120.00+9.99

Camel milk is a rich source of proteins and the total protein content of camel milk
ranges from 2.15 to 4.90% with potential antimicrobial, antioxidant, and immuno-
modulatory activities (FitzGerald and Meisel, 2000; Igbal and Khan, 2001;
Konuspayeva et al., 2009). The main components of camel milk proteins are casein
and whey. The casein varies between 52-87% of the total proteins while the content
of whey protein is about 20 to 25% (Khaskheli et al., 2005). Caseins are easily
digested in the intestine and they are a rich source of essential amino acids required
for infant growth. Casein fractions are as1, osz, f and x-casein and camel milk has a
higher content of B-casein (65%) and lower content of other casein fractions than
bovine milk (Kappeler et al., 2003). The high concentration of B-casein could be the
reason that camel milk is more digestible and reduces allergic reactions in infants
(ElI-Agamy et al., 2009). Camel whey proteins are lactoferrin, immunoglobulins,
lysozyme, a-lactalbumin, peptidoglycan recognition proteins, and serum albumin
(Merin et al., 2001; Kappeler et al., 2004). In camel milk, the major whey protein is
a-lactalbumin, while B-lactoglobulin is the major bovine milk portion, which exists
in low amounts in camel milk (Kappeler et al., 2003; Laleye et al., 2008). It has been
reported that camel milk has a low level of two proteins that are responsible for
allergies (B-lactoglobulin and B-casein) and only a few allergic cases have been
reported in camel milk consumers (Merin et al., 2001; EI-Agami et al., 2009; Al-

alawi and Laleye et al., 2011). An earlier study demonstrated that dromedary camel
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milk had a positive effect in eight children (4 months-10 years) with severe food
allergies (Shaboet al., 2005). High levels of immunoglobulin G, secretory
immunoglobulin A, and lactoperoxidase are also reported in camel milk with
antimicrobial activity (Mona et al., 2010). Additionally, camel milk has shown
higher antibacterial properties than bovine milk and that could be attributed to the
concentration of lactoferrin (220mg/l) and lysozyme (2880mg/l) which were higher
in camel milk than in bovine milk (110mg/l and 130mg/Il) (EI-Agami et al., 2009; EI-
Said et al., 2010).

Several scientific studies have demonstrated the antihyperglycemic effect of camel
milk and its effect on diabetic complications including liver and kidney diseases,
delayed wound healing, high cholesterol levels and decreased oxidative stress. In
2005, Agrawal et al. found that dromedary camel milk was a useful adjunct to
parenteral insulin administration in the management of type 1 diabetes. In that study,
a significant reduction in the dose of insulin was required for maintaining long-term
glycaemic control. Hamad et al. (2011) evaluated the effects of camel milk on liver
function by treating diabetic rats with camel, buffalo, and bovine milk. The study
found that the highest enhancement of liver enzymes was reported in rats fed camel
milk with 41% improvement for alanine transaminase (ALT) and 38% improvement
for aspartate transaminase (AST). Both enzymes are useful in diagnosing and
monitoring liver disease where they are detected at higher levels (Hall and Cash,
2012). Similarly, Khan et al. (2013) reported a decrease in the elevated levels of liver
enzymes in streptozotocin (STZ)-induced diabetic rats fed camel milk for 1 month.
In addition, camel milk reduced microalbuminuria levels in diabetic patients treated
with camel milk, from 92.08+15.18 to 75.75+3.17, after 24h (Mohamad, 2009).
Microalbuminuria refers to an increase in urinary albumin excretion usually
associated with renal failure and cardiovascular disease and a decrease in

microalbuminuria can delay organ damage (Koroshi, 2007).

In another study, camel milk was added to the usual diet of diabetic patients for 6
months and exhibited a significant reduction in microalbuminuria levels (from
119.48+1.68mg/dl to 22.52+2.68mg/dl, p < 0.001). In 2013, Badr showed an
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accelerated wound healing in STZ-induced diabetic mice after treatment with camel
milk for a month. This result was related to the significant elevation in
hydroxyproline, an essential component in collagen that may be associated with
tissue regeneration in diabetic mice. Another study conducted by Al-Numair (2011)
reported that the level of hydroxyproline and total collagen content was increased to
normal levels in STZ-diabetic rats fed camel milk.

Several studies have shown the efficacy of camel milk in reducing hyperlipidemia in
diabetic patients. In one study, a significant reduction in the total cholesterol (TC)
and triacylglycerols (TG) (25% and 37%, respectively) were observed in young type
1 diabetic patients after being treated with camel milk for 16 weeks. There were no
significant changes in high density lipoprotein (HDL), low density lipoprotein
(LDL), and very low-density lipoprotein (VLDL) levels after treatment (Mohamad et
al., 2009). Another study conducted by EI-Said et al. (2012) revealed an
improvement in lipid levels in type 1 diabetic patients injected with a mixture of
insulin and camel milk for three months. A significant reduction (45% and 30%, p <
0.001) in TG and TC, respectively and a significant (p < 0.001) increase in HDL-C
levels was shown (from 41mg/ dl to 49mg/dl) compared to the control group.

1.1.3 Therapeutic properties of camel urine

In Mediterranean countries and some parts of Asia, camel urine has also been used
traditionally as a treatment for different diseases including hair problems, skin
injuries, snake bites, stomach pain, the common cold, and diarrhoea (Al-Awadi and
Al-Judaibi, 1999; Bakhsh et al., 2012; Baesmel, 2014). One study showed that camel
urine had an inhibitory effect on fungal growth of Candida albicans (45%z=0.89),
Aspergillus niger (43%z=1.16) and Fusarium oxysporum (39%z=0.89) after treatment
with fresh camel urine (Al-Awadi and Al-Judaibi, 2015). Another study conducted
by Kabbashi and Alfadhil (2016) evaluated the efficacy of camel urine in the
treatment of dermatomycosis caused by dermatophyte fungi. The results showed
stronger antifungal activity of camel urine compared with the antifungal drug

fluconazole. Another study revealed that in rabbits and albino mice, liver and



stomach tissues infected with Escherichia coli recovered with no histopathological
effects after treatment with camel urine (EI-Elyani and Khalifa, 2006).

Al-Yousef (2012) found that dromedary camel urine possessed anti-cancer and
potent immuno-modulatory properties. A dose containing 216mg/ml of lyophilised
camel urine inhibited cell proliferation and caused more than 80% apoptosis in a
number of cancers, including breast carcinomas and medulloblastomas (p< 0.05).
The urine had no cytotoxic effect against peripheral blood mononuclear cells and had
strong immunological activity in terms of inducing interferon gamma and inhibiting
T helper 2 cytokines interleukin-4, interleukin-6, and interleukin-10. In addition, in
vitro investigations have reported anti-cancer activity of camel urine against human
lung adenocarcinoma cells (A549) (Alghamdi and Khorshid, 2012). Romli et al.
(2016) examined the potential anti-cancer effect of camel urine against Mouse 4T1
breast tumour cells. The results demonstrated that camel urine is able to inhibit the
proliferation and metastasis of 4T1 cells in vitro and in vivo. Alhaidar et al. (2011)
investigated the potential antiplatelet activity of camel urine against adenosine
diphosphate (ADP)-induced and arachidonic acid (AA)-induced platelet aggregation.
The results demonstrated that camel urine had a potent antiplatelet activity similar to

the activity of drugs such as aspirin and clopidogrel.



1.2 Phytochemistry analysis

1.2.1 Desert plants

The food of camels consists of dry grasses and available desert vegetation; mainly
thorny plants. Many plant species have been recorded as fodder for the dromedary
camel, including A. spinosus, C.colocynthis, R. epapposum, and T. aphylla which are

detailed below.

1.2.1.1 Rhanterium epapposum

R. epapposum Oliv. (Figure 1.1) is called Arfaj in Arabic and belongs to the family
Asteraceae. The plant is native to the deserts of Saudi Arabia and Kuwait, is
indigenous and widespread throughout tropical and subtropical regions and is
considered one of the main desert fodder plants for camels and sheep. R. epapposum
is a bushy shrub approximately 80cm in height and it starts flowering from April and
May. The flower is yellow in colour and is the national flower of Kuwait. The plant

has small fruits in the form of a nut surrounded by membranous wings, which form

in late spring (Ageel et al., 1987; Suleiman et al., 2009).

Figure 1.1A: The growing plant of Rhanterium epapposum, 1.1B: stem with flowers
(Pictures provided by Dr. Rothwelle Tate, Kuwait, 2012).
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1.2.1.1.1 Historical use

People in rural areas from various countries consider Arfaj the main desert plant for
grazing camels. It is also used as a source of fuel. In Arabic folk medicine, Bedouin
people use R. epapposum in the treatment of gastrointestinal disturbances, skin
infections, as an insecticide, and the flowers can be added to tea as a flavouring agent
(Ageel et al., 1987; Al-Yahya et al., 1990).

1.2.1.1.2 Active ingredients and biological activities

Al-Yahya et al. (1990) demonstrated the presence of volatile oils, flavonoids,
tannins, sterols and triterpenes in the aerial parts of R. epapposum using various
qualitative chemical tests to detect the chemical constituents. There are no scientific

studies reporting any medicinal activities for R. epapposum.

The Asteraceae family is reported to produce valuable phytochemicals, such as
terpenoids  (AF-1-AF-4), lignans (AF-5-AF-7), polyphenols (AF-8-AF-14),
carbohydrates (AF-15), sterols (AF-16 and AF17) and alkaloids (AF-18-AF-21)
(Table 1.2). This family has also been reported to have biological ffects including
antimicrobial, anti-cancer, anti-inflammatory and insecticidal activities (Lin et al.,
2004; Keyhanfar et al., 2011; He et al., 2012). The sesquiterpene lactone
onopordopicrin (AF-4) showed protective effects in acute experimental colitis (de-
Almeida et al., 2012). Arctiin (AF-5), a lignan isolated from Asteraceae plants such
as burdock, was reported to have anti-cancer properties in humans and rats (Huang,
Guh et al. 2004, Matsuzaki et al. 2008). Chlorogenic acid (AF-8) is reported to have
different biological activities including antimicrobial activities against E. coli,
Staphylococcus aureus and Micrococcus luteus (Lin et al. 2004). Chiang et al.
(2002) reported antiviral activities of caffeic (AF-9) and chlorogenic (AF-8) acids
against herpes simplex viruses (HSV-1, HSV-2) and adenoviruses (ADV-3, ADV-
11).
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Table 1.2: Selection of phytochemicals previously isolated from the Asteraceae
family. AF: refers to the name of the plant Arfaj (R. epapposum).

Compound Code | Parts of Reference
the plant
Faradiol AF-1 | Leaves (Liu et al., 2006)
Costus acid AF-2 || Leaves (Barnes et al., 2007)
COOH
-Eudesmol AF-3 Fruits, (Tsuneki et al., 2005)
o leaves
Onopordopicrin AF-4 | Leaves (Barbosa et al., 1993)
Arctiin AF-5 | Seeds, (Kamkaen et al., 2006;
fruits, Matsumoto et al.. 2006)
leaves,
roots

HO OH
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Table 1.2 (continued): Selection of phytochemicals previously isolated from the
Asteraceae family. AF: refers to the name of the plant Arfaj (R. epapposum).

Compound Code | Parts of the Reference
plant
Trachelogenin on O AF-6 Fruits (Chanetal., 2011)
H,CO.
(J
HO
‘ OCH,
OCH;
Matairesinol AF-7 | Fruits, seeds | (Wang and Yang 1993;
He Matsumoto et al., 2006)
/o Q
I
Chlorogenic acid AF-8 Roots, (Chen etal., 2004 ; Lin
o leaves, et al., 2003)
O)V\O:OH seeds
(0} OH
OH
X
OH
HO
Caffeic acid AF-9 Roots, (Pari and Prasath, 2008)
leaves,
seeds

HO
OH
HO:O\/\H/
(@]
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Table 1.2 (continued): Selection of phytochemicals previously isolated from the
Asteraceae family. AF: refers to the name of the plant Arfaj (R. epapposum).

Compound Code | Parts of Reference
the plant
1-O-,5 -O-dicaffeoyl-4-O- AF-10 | Roots (Maruta et al., 1995)

succinylquinic acid

OH

o o
HO 0
\ OWCOOH
HOOC o

1-O-,5 -O-dicaffeoyl-3-O-, 4-O- AF-11
disuccinylquinic acid

OH

Lower (Ferracane et al., 2010)
buds,
roots,
leaves

Luteolin oi AF-13 | Roots, (Ferracane et al., 2010)
leaves
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Table 1.2 (continued): Selection of phytochemicals previously isolated from the
Asteraceae family. AF: refers to the name of the plant Arfaj (R. epapposum).

Compound Code Parts of Reference
the plant
Kaempferol AF-14 Roots (Okunade, 2002; Shi-
OH xiong et al., 2011)
(]
ALF (Fructan) AF-15 Roots (Lei, 2009)
B- Sltosterol AF-16 Aerial (Kamboj and Saluja,
HO
Sitosterol-p-D-glucopyranoside AF-17 Roots, (Schutz et al., 2006)
seeds

- /C@g\:(/
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Table 1.2 (continued): Selection of phytochemicals previously isolated from the
Asteraceae family. AF: refers to the name of the plant Arfaj (R. epapposum).

Compound Code Parts of Reference
the plant
Senkirkine AF-18 Flower | (Roder and Wiedenfeld,
OH buds 2011)
\ (6]
(6]
2-Methylpyrrolidine AF-19 Flower (Luethy et al., 1980)
buds
NH (0]
OCH,
Tussilagine, Ri= Me, R2= OH, AF-20 Flower (Rizk, 1990; Roeder et
Rs=Me buds al., 2015)
Isotussilagine, R1= Me, R2= Me, AF-21

R3=0OH
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1.2.1.2 Astragalus spinosus

A. spinosus Forssk. is known as Kitad (Figure 1.2) (Fabaceae). It is indigenous and
widespread throughout tropical, subtropical, and the Mediterranean regions such as
Iran, Kuwait, Libya, Egypt, Saudi Arabia, and Syria. It is an ascending
branched spiny shrub, about 20-70cm in high, with apical leaves 3-5cm long, with 4-
5 pairs of small leaflets that soon drop off leaving the rachises to become spines (El-
Sebakhy et al., 1990).

Figure 1.2A: The growing plant of Astragalus spinosus (Pictures provided by Dr.
Rothwelle Tate, Kuwait, 2012), 1.2B: Stem with leaves and flowers.
https://commons.wikimedia.org/wiki/File:Astragalus_spinosus_1.JPG

1.2.1.2.1 Historical use

There is no specific traditional use of A. spinosus, but several species of Astragalus
exist in the Middle East, including A. adscendens, A. gummifer, and A. brachycalyx,
that have been used to make the natural gum, tragacanth (Phillips and Williams,
2009). In Bangladesh, many plants of the Fabaceae family have been reported to
have a traditional use to treat many diseases such as asthma, coughs and colds, fever,
diarrhoea, heart disease, eczema, ulcers, snake-bites, kidney disease, high blood
pressure, malaria, syphilis, and cholera (Rahman and Parvin, 2014).
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1.2.1.2.2 Active ingredients and biological activities

A. spinosus mainly contains cycloartane triterpene oligoglycosides (Table 1.3). The
isolated saponin glycosides have been used in the treatment of induced hepatic, renal
and cardiac toxicities (Yusufoglu et al., 2014). The administration of carbon
tetrachloride (CCls) is one of the most used methods of induction of liver cirrhosis.
Darwish (2002) examined the effect of the isolated glycosides of A. spinous in
reducing CCls-induced mortality. The study revealed that cycloastragenol-6-O-
glycoside (AST-1) showed higher activity than isoastragaloside I (AST-3) and
trigonoside | (AST-2). It has been demonstrated that astragaloside IV (AST-5) has
therapeutic effects in cardiovascular diseases. In 2002, Li and Cao reported that
AST-5 enhances the cardiac function of myocardial infarction and ischemic
myocardium in rats. It has also been found that AST-5 can help in suppression of
myocardial oxidative injury (Li et al., 2006). It was established that AST-5 has
potential to prevent myocardial cell damage resulting from lack of oxygen in rats (Hu
et al., 2009). In addition, AST-5 was reported to have antiviral activity against
hepatitis-B virus (Wang et al., 2009), and was used to treat mice with type 2 diabetes
(Lv et al., 2010). Furthermore, AST-5 showed biological activity in treatment of
Parkinson's disease when examined on 6-hydroxydopamine (6-OHDA)-induced loss

of dopaminergic neurons in primary nigral culture (Chan et al., 2009).
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Table 1.3: Selection of phytochemicals previously isolated from
Astragalus spinosus. AST: refers to the name of the plant Astragalus.

Compound Code | Parts of the Reference
plant

Cylcoastragenol-6-O-glycoside, AST-1 Aerial parts | (Abdallah et al., 1993)
R=H, Ri= glucose
Aerial parts,
Trigonoside I, R=H, Ri=xylose | AST-2 Roots (Abdallah et al., 1993;
Darwish, 2002)

Isoastragaloside I, R=p-D-xyl (2, | AST-3 Aerial parts | (Abdallah et al., 1993)
4 di Ac), R1= glucose

Astragaloside I, R=p-D-xyl (2,3 || AST-4 | Aerial parts, | (Abdallah et al., 1993;

di Ac), Ri= glucose Roots Darwish, 2002)
Astragaloside IV, R= -D- AST-5 | Aerial parts, (Darwish, 2002)
xylopyranosyloxy, Ri= glucose Roots
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1.2.1.3 Tamarix aphylla

T. aphylla (L.) Karsten (Figure 1.3) is the largest known species of the Tamarix and
belongs to the family Tamaricaceae. The species has a variety of common names,
including Athel pine, Athel tree, Athel tamarisk, and salt cedar. T. aphylla is an
evergreen tree, up to 18 metres high with an erect tapering trunk. The fruit consists of
a small narrow pointed capsule, 5mm long, splitting into 3 parts. Seeds are 0.5mm
long; brown, each with a tuft of 3mm long whitish hairs. The specific name means
without leaves. It is native across North, East and Central Africa, through the Middle
East, and into parts of Western and Southern Asia (Merfort et al., 1992).

Figure 1.3A: Tamarix aphylla growing as a hedge, 1.3B: Stem with leaves (pictures
provided by Dr. Rothwelle Tate, Kuwait, 2012).

1.2.1.3.1 Historical use

T. aphylla has been used as an ornamental, windbreak and shade tree in agriculture
especially in dry areas (Figure 1.3A). The species is highly valued for stabilising
sand dunes due to its fast growth, deep and extensive root system. Also, Tamarisk is
used as a plant indicator for soil type in agricultural surveys. T. aphylla is mentioned
in the Holy Qur'an and prescribed in Al Hadith as a general tonic (Marwat et al.,
2008). It is a traditionally used plant in Middle Eastern countries; for example flower

galls are used as an astringent and for gargles, while the bark is used for treating eye
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inflammation, rheumatism, fever, eczema, and other skin diseases (Azaizeh et al.,
2006; Marwat et al., 2008; Yusufoglu and Algasoumi, 2011). In Saudi Arabia, T.

aphylla is used as a treatment for allergic dermatitis in camels (Abbas et al., 2002).
1.2.1.3.2 Active ingredients and biological activities

Various phytochemicals, mainly phenolic acids, terpenoids, and sterols have been
isolated from different parts of T. aphylla (Table 1.4).

The aqueous extract of the leaves, possess antioxidant, anti-inflammatory and wound
healing activities (Yusufoglu and  Algasoumi, 2011; Auribie, 2011). In a
carrageenan-induced paw oedema model and excision wound model, a formulation
of herbal gel containing 15 and 25% T. aphylla extract in a gel base were prepared
and tested for anti-inflammatory activity. It showed optimum percentage inhibition
of 53.1% and 89.6% with 15 and 25% gel formulation which was comparable to the
standard Diclomax® (1% Diclofenac sodium) and Betadine® (10% Povidone-lodine),
respectively (Yusufoglu and Algasoumi, 2011). In addition, strong antibacterial and
anti-fungal activities of an aqueous bark and leaf extracts of T. aphylla were reported
(Vadlapudi et al., 2009; Igbal et al., 2015; Alrumman, 2016). In 2014, a study
conducted by Qadir et al. revealed that an aqueous ethanolic extract of T. aphylla

showed antipyretic and analgesic activity.

Nawwar et al. (2013) evaluated cytotoxicity activity of tamarixellagic acid (TAM-5)
against breast (MCF-7), prostate (PC-3) and liver (Huh 7) cancer cell lines. The
study revealed that tamarixellagic acid exhibited in vitro activity against all tested
cell lines with an ICsp value of 0.16, 0.13, and 0.03pug/ml, respectively.
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Table 1.4: Selection of phytochemicals previously isolated from Tamarix aphylla.

Compound Code | Parts of Reference
the plant
Myricadiol TAM-1 Bark (Merfort et al., 1992)
Isomyricadiol (3B isomer) TAM-2
OH
HO
2, 6-Digalloyl glucose, R=H, TAM-3 Galls || (Nawwar et al., 1994)
R1=R2= galloyl
TAM-4
3, 6-Digalloyl glucose, Ri=H, R=
R2=galloyl
HO OR,
RO
o
OH
OH
OH
galloyl
Tamarixellagic acid TAM-5

HO

HO
I
O o
~cu

HO 2

(0}
HO. o oH
le) (o]

HO /

oH o=cC

‘OOH
O

H HO

o
HO. Ci
HO OH
HO OH OH
O

o
I
—C
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Table 1.4 (continued): Selection of phytochemicals previously isolated from
Tamarix aphylla. TAM: refers to the name of the plant Tamarix.

Compound Code Parts Reference
of the
plant
Dehydrodigallic acid TAM-6 | Galls | (Nawwar et al., 1994)
OH COOH
HO: f :COOH
HO O OH
Dehydrotrigallic acid TAM-7
HO, OH
HOOC, [¢]
HO OH OH COOH
HO (0} OH
COOH
Dimethylene oxyferulic acid TAM-8 | Stem (Akhlag and
o galls Mohammed, 2011)
N
HOOC 0
Aphyllaoic acid TAM-9

HO
HO—@»O—QCOOH
HO
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Table 1.4 (continued): Selection of phytochemicals previously isolated from
Tamarix aphylla. TAM: refers to the name of the plant Tamarix.

Compound Code Parts Reference

of the
plant

Tamarixoic acid TAM-10 | Steam (Akhlag and
galls Mohammed, 2011)

Isoferulic acid 3-O-f- TAM-11 | Flowers | (Nawwar et al., 2009)

glucopyranoside

=
Tamarixetin 3, 3"-di-sodium TAM-12

sulphate
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1.2.1.4 Citrullus colocynthis

C. colocynthis (L.) Schrad is known as Bitter apple, Wild water melon, Handal or
Shaira (Figure 1.4). It belongs to the family Cucurbitaceae. It has yellow-coloured
flowers, triangular-shaped leaves and yellow-green fruit. This plant is found in arid
or semi-arid regions and is widely distributed especially in South Africa and

Mediterranean regions (Bolous, 1983).

2 4 ol i R A0S / /
Figure 1.4A: The growing plant of Citrullus colocynthis, 1.4B: Stem with leaves and

flowers. https://en.wikipedia.org/wiki/Citrullus_colocynthis
1.2.1.4.1 Historical use

In traditional medicine, indigenous people from Mediterranean countries and some
parts of Asia use different parts of this plant such as the leaves, fruits and seeds as an
anti-inflammatory, a purgative for constipation, and for anti-rheumatic and
antidiabetic treatments. Additionally, the fruits have been used by some women to
terminate pregnancy in the first trimester (Hussein, 1985; Marzouk et al, 2012;
Sebbagh, et al., 2009).
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1.2.1.4.2 Active ingredients and biological activities

Previous studies concerning the chemical constituents of C. colocynthis have
demonstrated the existence of cucurbitacin, cucurbitacin glycosides, C-p-
hydroxybenzyl derivatives, phenolic acids, and flavonoids (Table 1.5). Studies have
identified a range of potential biological properties and applications for extracts from

C. colocynthis.
1.2.1.4.2.1 C. colocynthis antimicrobial properties

Gurudeeban et al. (2010) observed that a methanol extract of C. colocynthis leaves
had in vitro antimicrobial activity against various pathogenic bacteria such as S.
aureus, Salmonella typhi, Bacillus subtilis, Streptococcus pyogenes and E. coli. It
also showed high antifungal activity against C. albicans, Mucor species, and
Aspergillus fumigatus (Khatibi and Teymorri, 2011). Antibacterial effects have been
evaluated for gluco-cucurbitacin E (CIT-4) and cucurbitacin | (CIT-2) against Gram-
positive bacteria; S. aureus and Klebsiella pneumonia. Results revealed that gluco-
cucurbitacin E showed strong antibacterial activity with minimum inhibitory
concentration (MIC) values ranging from 1.25 to 2.5mg/ml while cucurbitacin B and
| exhibited antibacterial effects (Chawech et al., 2015a). The antimicrobial activity of
flavonoids has been widely documented. For example, flavonoids such as quercetin
(CIT-28) and myricetin (CIT-30) showed antitubercular activity (MIC=50ug/ml, for
both) at concentration of 100pg/ml (Yadav et al., 2013).

1.2.1.4.2.2 C. colocynthis anti-inflammatory properties

C. colocynthis extracts have anti-inflammatory activity and have been found to
significantly (p<0.05) inhibit serotonin and prostaglandin E1 in carrageenan-induced
oedema in the hind paw of rats (Rajamanickam et al., 2010). Cucurbitacins E (CIT-
2) and | (CIT-2) have been reported to have anti-inflammatory activity by inhibiting
cyclooxygenase (COX)-2 enzymes with no effect on COX-1 enzymes (Jayaprakasam

et al., 2003). In 2013, Qiao et al. evaluated anti-inflammatory effects of cucurbitacin
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E (CIT-1) in Lipopolysaccharide (LPS)-stimulated RAW 264.7 cells. The study
reported anti-inflammatory effects of this compound through suppression of NF-«xB
nuclear translocation. Thus, CIT-1 decreased expression of TNF-a and IL-1p in LPS-

activated cells in dose dependent manner.

1.2.1.4.2.3 C. colocynthis antidiabetic properties

Huseini et al. (2009) reported significant decrease in Haemoglobin Alc (HbAlc) and
fasting blood glucose levels in C. colocynthis treated patients (receiving 100mg fruit
capsules). Another study confirmed the antidiabetic property of C. colocynthis in
which a significant reduction in blood glucose (from 381+34 to 105+35mM/I) was
observed in diabetic patients treated with an oral dose (250mg and 500mg) of

aqueous plant leaf suspension (Gurudeeban and Ramanathan , 2010).

1.2.1.4.2.4 C. colocynthis antitumour activity

Antitumour activity of cucurbitacin compounds is widely documented through
different mechanisms, mainly by inhibiting the Janus kinase/signal transducer and
activator of transcription pathways (Lee et al., 2010). Cucurbitacin E (CIT-1) is one
of the cucurbitacins which is widely studied for anti-cancer activity. It was reported
that cucurbitacin E is able to inhibit cell proliferation in many cancer cells such as
bladder cancer, pancreatic cancer, breast cancer, hepatocellular carcinoma, oral
squamous cell carcinoma and leukemia (Hung et al., 2013; Feng et al., 2014). In
2013, Lan et al. stated the inhibitory activity of cucurbitacin E against human breast
cancer cells in vitro by inducing apoptosis and cell cycle arrest through the inhibition
of signal transducer and activator of transcription 3 function. A study conducted by
Kong et al. (2014) demonstrated inhibitory effect of cucurbitacine E toward triple
negative breast cancer by inducing cell cycle G2/M phase arrest and apoptosis.
Recent reports demonstrated cytotoxic effects of cucurbitacin | (CIT-2) on
chondrosarcoma SW 1353, SW480 and Colo205 colorectal cancer cell lines (Abbas
et al. 2013; Kim et al., 2014). Cucurbitacin | derivative (CIT-5) was shown to be
specifically cytotoxic for Caco-2 cells (Song et al., 2014). In addition, Yuan et al.
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(2014) analysed the inhibitory effect of CIT-2 in patients with glioblastoma
multiforme (GBM). The results revealed that CIT-2 suppressed GBM growth by

inducing apoptosis through regulating bcl-2 family proteins in vitro and in vivo.

1.2.1.4.2.5 Other C. colocynthis activities

Different extracts of C. colocynthis have been shown to display hypolipidaemic,
laxative, larvicidal and anti-alopecia activity (Daradka et al., 2007; Rahuman and
Venkatesan, 2008; Dhanotia et al., 2011). Studies have established the antioxidant
activity of cucurbitacin | (CIT-2) (Jayaprakasam, et al., 2003) and its glucosides
(CIT-5) (Delazar et al., 2006). Anti-artherosclerotic activity of 2-O-
glucocucurbitacin E (CIT-4) was reported to cause a decrease in lipid oxidation
products; malonaldehyde (MDA) and 4-hydroxynonenal (4-HNE) (Esterbauer, 1993;
Tannin-Spitz et al., 2007). Torkey et al. (2009) reported insecticidal activity for 2-O-

glucocucurbitacin E (CIT-4) on Aphis craccivora.
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Table 1.5: Selection of phytochemicals previously isolated from Citrullus
colocynthis. CIT: refers to the name of the plant Citrullus.

Compound Code | Parts Reference
of the
plant
Elaterin (cucurbitacin E); Ri=H, | CIT-1 | Fruits (Lavie et al., 1964; Seger
R2=H et al., 2005)
Elatericin B (cucurbitacin I); CIT-2

R1=Glucose, R2=Ac

Dihydroelatericin B (cucurbitacin | CIT-3
L); Ri=Glucose, R2=H, 23,24-
dihydro

2-O-glucocucurbitacin E, CIT-4
R1=Glucose, R2=H

2-O-glucocucurbitacin I; Ri=H, CIT-5
R2=Ac

2-O-B-D-glucopyranosyl-(22-27)- | CIT-6 | Fruits (Lavie et al., 1964)
hexanorcucurbitacin

o

GluO
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Table 1.5 (continued): Selection of phytochemicals previously isolated from
Citrullus colocynthis. CIT: refers to the name of the plant Citrullus.

Compound Code Parts Reference
of the
plant
6’-Acetyl-2-O-B-D glucocucurbitacin CIT-7 | Leaves (Chawech et al.,
E; R1=CH3, R2=Ac, Rs=H 2015)
25-p-coumaroyl-3'-acetyl-2-O-B-D- CIT-8
glucocucurbitacin I;

Ri= HO@—/ HO Y Rl>¢
0

R2=H, Rs=Ac OR, 0 0
o OH
HO 0
R;0 OH
O

16-(2-Prop-1-enyl)-2-O-B-D- CIT-9 | Fruits (Song et al., 2015)
glucopyranosyl cucurbitacin I;
R1=Glu, R2=H

16-(2-Prop-1-en- yl)-25-O-acetyl-2- CIT-10
O-pB- D-glucopyranosyl cucurbitacin I;
R1=Glu, R2=Ac

OH

OR,
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Table 1.5 (continued): Selection of phytochemicals previously isolated from
Citrullus colocynthis. CIT: refers to the name of the plant Citrullus.

Compound Code Parts Reference
of the
plant
Benzoic acid; Ri=R2= R3=H CIT-11 | Fruit | (Hussain et al., 2014)
pulp
4-hydroxy-benzoic acid; R1, Rs=H, | CIT-12
R2=0OH
Gallic acid; R1i=R2= R3= OH CIT-13
Vanillic acid; Ri1=H, R2=0OH, R3= CIT-14
OCHs
(]
R,
OH
R;
R;
Ferulic acid; Ri=H, R2=0OCHjs CIT-15 | Fruit | (Hussainetal., 2014)
pulp
Sinapic acid; Ri= R2=OCHs3 CIT-16
p-Coumaric acid; R1=R2=H CIT-17
O
f X OH
HO
R;
Chlorogenic acid CIT-18 | Fruit | (Hussainetal., 2014)
HO_ COOH pulp
(0]
HO o =
OH OH
OH

32


http://alsirhan.com/Plants_s/Citrullus_colocynthis.htm

Table 1.5 (continued): Selection of phytochemicals previously isolated from

Citrullus colocynthis. CIT: refers to the name of the plant Citrullus.

Compound Code Parts Reference
of the
plant
8-C-p-hydroxybenzylisovitexin; CIT-19 | Aerial | (Maatooq et al., 1997)
R1=Glucose, R2=P-hydroxybenzyl, parts

R3=H, Rs=H, Rs=H

6-C-p-hydroxybenzylvitexin; Ri=P- | CIT-20
hydroxybenzyl, R2=Glucose, R3= H,

Rs=H, Rs=H

8-C-p-hydroxybenzylisovitexin ~ 4'- | CIT-21 | Aerial (Meena and patni,
O-glucoside; Ri= Glucose, R2= P- parts 2008)
hydroxybenzyl, Rs= H, Rs=Glucose,

Rs=H

HOH,C
s o

Glucose = Hgo 1
OH

OH

P-hydroxybenzyl =

phthalic acid methyl ester CIT-22 | Fruits (Song et al., 2015)

[¢]

OH
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Table 1.5 (continued): Selection of phytochemicals previously isolated from

Citrullus colocynthis. CIT: refers to the name of the plant Citrullus.

Compound Code Parts Reference
of the
plant
Catechol; R1=OH, R>=H CIT-23 | Fruits (Song et al., 2015)
Resorcinol; R1=H, R,=0OH CIT-24
R,
R,
OH
Isosaponarin; Ri=H, R2=Glucosyl CIT-25 | Fruits, | (Delazar et al., 2006;
seeds Gurudeeban et al.,
Isovitexin ; Ri=H, R.=H CIT-26 2010)
Isoorientin 3-O-methylether; CIT-27
R1=0OCHjs, R2=H R,

Quercetin; Ri=H, R2=0H, R3=H, | CIT-28 | Fruits (Meena and Patni,

R4=H 2008; Hussain et al.,
2014)
Catechin; Ri=H, R2=H, Rs=H,| CIT-29 | Fruit (Hussain et al., 2014)
R4=0OH pulp
CIT-30

Myricetin; Ri=H, R2=0OH, Rs=H,
R4=0OH

CIT-31
Kaempferol; Ri=H, R2=H, Rs=H,
Rs=H
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1.3 Molecular analysis

1.3.1 Exosomes

Exosomes are small vesicles (up to 100nm) containing nucleic acids and protein that are
secreted by different cell types, and found in most body fluids including blood, saliva,
urine, and breast milk (Thery, 2011). Recently, several studies demonstrated the
existence of miRNAs in exosomes (Zhang et al., 2015; Izumi et al., 2012; Cheng, et al
2014; Montecalvo et al., 2012). Exosomes work as a protective vesicle against
degradation of transported miRNA by RNase (Cheng et al., 2014) and they can
transport miRNAs directly to target cells (Montecalvo et al., 2012). They originate from
the late endosomes and contain specific populations of mRNA, microRNA (miRNA),
lipids, and proteins (Figure 1.5). They are released when a multivesicular endosome
fuses with the plasma membrane (Harding et al., 1984). Although individual exosomal
content may vary based on a variety of factors, there are common exosomal proteins
that serve as markers: CD63, Alix, Rab 5, and Lamp 1 amongst others (Logozzi et al.,
2009). Secreted exosomes can be internalized by recipient cells through endocytosis
(Tian et al., 2010) where the release of exosomal contents can trigger a variety of

responses in the target cell (Figure 1.5).
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Figure 1.5: Diagram of exosome-mediated intercellular communication during
infection. A model is presented for exosomal packaging and release, uptake by recipient
cells, and known/potential effects of released exosomal contents on recipient cells
during the course of pathogenic infection. Exosomes released by infected host cells
carry a variety of host cargo molecules, including exosomal biomarkers, miRNA,
mRNA, and antimicrobial peptides (AMPs). Pathogen-derived molecules (as indicated
in inset) have also been shown to be incorporated into exosomes. Released exosomes
are endocytosed by recipient cells for depositing their cargo. Released cargo molecules
induce a variety of effects on the recipient cells, which vary depending on the pathogen
causing the infection and the recipient cell type. These can include cytokine production,
T-/B-cell activation/inhibition, cell migration and increased or decreased pathogen
uptake (Fleming et al., 2014).

Host cell
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1.3.2 Plant miRNAs

Micro-ribonucleic acids (miRNASs) are non-coding small RNAs of 20-24 nucleotides in
length. According to a recent study, about 17493 microRNAs have been identified in
different plant species (Kozomara and Griffiths, 2014). Plant miRNAs are involved in
plant development processes, including signal transduction, protein degradation, and the
response to disease and pests. They play key roles in plants environmental stress
responses such as oxidative stress, mineral nutrient deficiency, dehydration and even

mechanical stimulus (Lima et al., 2012).

1.3.2.1 Dietary-derived miRNA regulation of human gene expression

Plant miRNAs are one of the most important gene regulators, involved mainly in those
genes that are transcriptional factors (Hussain, 2012). The robustness of miRNA to
degradation and their role as endogenous regulators of gene expression has, in recent
years, led to the dietary xenomiR hypothesis (Witwer, 2012). This suggests that plant
miRNAs are capable of cross-kingdom regulation gene expression through consumption
of plant material, where the plant miRNAs may lead to an alteration in gene expression
in the recipient cells of the mammalian consumer. On reaching the final recipient cells
in organs such as liver, miRNAs are released and could regulate target genes in a
sequence-specific manner (Melnik, et al., 2013; Witwer, 2012; Zhang et al., 2012a).

In 2014, Lukasik and Zielenkiewicz used high-throughput sequencing to establish that
exogenous miRNAs from plants such as Zea mays (Z. mays), Arabidopsis thaliana (A.
thaliana), Oryza sativa (O. sativa), and Citrus trifoliate (C. trifoliate) were found in
human plasma and porcine breast milk exosomes. The study detected 35 plant miRNAs
in human breast milk and 17 in porcine breast milk, belonging to 25 and 11 miRNAs
families, respectively. The largest amounts of ath-miR166a, bdi-miR168, ptc-miR472a
and pab-miR951 were observed in the human samples, while in the porcine samples,
zma-miR156a, ath-miR166a and zmamiR168a were detected in the highest abundance

levels.
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However, the xenomiR hypothesis is highly controversial (Zhang et al., 2012c). The
first evidence for the absorption and bioactivity of a rice-derived miRNA in mice was
provided by Zhang et al. (2012a). The authors reported high levels of exogenous plant
miRNAs in the blood and tissues of ingesting organisms. They also suggested that a
plant xenomiR could regulate a target transcript in the mouse. In contrast, Dickinson et
al. (2013) repeated the original experiments and reported little uptake of plant
xenomiRs and no regulation function was observed. Also other studies reporting
investigations into the quantity and effects of dietary miRNAs, have shown different
results in developing these findings (Wang et a.l, 2012; Snow et al., 2013; Witwer et
al., 2013; Dickinson et al., 2013; Chen et al., 2013; Witwer and Hirschi, 2014; Liang,
2014). In 2014, Baier et al. revealed that after bovine milk consumption in humans,
bovine milk miRNAs were demonstrated to survive in the gastrointestinal tract in vivo
and transferred to systemic circulation, where they exert gene regulatory functions. In
contrast, Aucherbach et al. (2016) reported that there is no evidence for transfer of
bovine milk miRNAs into the circulation of adult humans when the authors analysed the

samples provided by the laboratory of Baier.

However, several in vitro studies demonstrated that food-based miRNAs and miRNAs
derived from commercially available bovine milk are able to enter into human and
animal cells. They also reported the ability of these miRNAs to survive the
gastrointestinal tract in vivo and then enter the systemic circulation to exert gene
regulatory functions (Vaucheret et al., 2012; Jiang et al., 2012; Baier et al., 2014; Arntz
et al., 2015; Wolf et al., 2015; Zhou et al., 2015). Some of these miRNAs were further
shown to have therapeutic effects in vivo. A study conducted by Timms et al. (2014)
demonstrated that plant-specific miR-168a is present in human maternal serum and can
be detected in human placenta. In the same study, assessment of the potential role of
miR-168a in regulating placental epidermal growth factor receptor (EGFR) signalling
was conducted. They revealed that miR-168a overexpression resulted in reduced EGFR
protein (62%; p < 0.05).
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Supporting the above findings, there is evidence suggesting that the packaging of milk
miRNA in exosomes offers the protection of these miRNAs from degradation and
facilitates their absorption and their integration in mammals (Tian et al., 2014,
Alsaweed et al., 2015; Pieters et al., 2015).

1.3.3 Bioavailability

Bioavailability refers to the proportion of a drug or other substance which enters the
circulation when introduced into the body and able to have an active effect. In the
current study, bioavailability assessement is required to detect plant-derived miRNAS in
bovine milk following the gastric stage of human digestion sample using a drug
dissolution tester TDT-08L. This would demonstrate their resilience and bioavailability
and their potential for cross-kingdom gene regulation. The drug dissolution tester is
usually used to predict in vivo drug release profiles by providing information about in
vitro drug release. It is an industry standard system in complying with United States
Pharmacopoeia specifications (USP). Recently, an in vitro study assessed the
bioavailability of plant-derived miRNAs (miR-166, miR-167 and miR-168) in soybean
and rice during storage, processing, cooking, and early digestion. The study
demonstrated a significant bioavailability of measured plant miRNAs during all stages
and after early digestion for 75 min (Philip et al., 2015). These results support the
xenomiR hypothesis in which the xenomiRs show a robustness that could make them

bioavailable for uptake during early digestion.
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1.4 Project aims

One aim of this study was to establish whether the biological activities of camel milk
and urine are derived from plants eaten by the camels as fodder, which may be a source
of biologically active compounds. The concept was that bioactive compounds may be
transferred to milk and urine to provide these products with potential medicinal

properties for Bedouins and other communities.

This study also attempted to examine if the therapeutic value of camel milk and urine
could be associated with plant-derived miRNAs; these small nucleic acids could be
passed through the food chain to humans via camel milk and/or urine to regulate human
gene expression according to the dietary xenomiR hypothesis (Zhang et al., 2012a). The
first step was extraction of total RNA from the leaves of several desert plants using a
number of commercially available extraction kits in order to identify the most effective
method of extracting miRNAs from the plant samples. Examining the miRNAS present
in these plants, camel urine and camel milk was the next step. That was followed by
monitoring and comparing specific plant miRNA bioavailability in body fluids
following the gastric stage of human digestion sample. Finally, an evaluation of the
potential effect of selected plant miRNA to regulate the expression of a possible target

human gene was carried out.
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Chapter 2 Materials and methods
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2.1 Solvents

A number of solvents were used for analytical and chromatographic purposes. All the
solvents (VWR, Lutterworth, UK) were stored at low temperature and transferred to
small bottles for routine use. Deuterated (99.9%) solvents (Sigma-Aldrich, Irvine, UK)

were used for all the NMR analysis.

2.2 Reagents and chemicals

e (0.22um filter (Merck, Darmstadt, Germany)
2x Fast SYBR Green Master Mix (Applied Biosystems, Renfrew, UK)

e 2Xx Luminaris Colour Probe High ROX Mastermix (Applied Biosystems,
Paisley, UK)

e 20x TagMan Assay primer/probe mix (Applied Biosystems, Renfrew, UK)

e 2-mercaptoethanol (Sigma-Aldrich, Poole, UK)

o AF488-labelled AllStars Negative Control siRNA (Qiagen, Manchester, UK)

e Agarose (Bioline, London, UK)

e AlamarBlue® Cell Viability Assay (Invitrogen, Renfrew, UK)

o AllStars Cell Death positive control siRNA (Qiagen, Manchester, Germany)

e Anti-bumping granules (Fisher Scientific, Leicestershire, UK)

e Bio-Rad Mini-PROTEAN 3® electrophoresis tank (Bio-Rad, Hemel Hempstead,
UK)

e Column-grade silica gel (Silica gel 60, mesh size 20-200um) (Merck,
Darmstadt, Germany)

e Enhanced chemiluminescence (ECL) reagent (Thermo Fisher, Renfrew, UK)

e Ethidium bromide solution (Sigma-Aldrich, Steinheim, Germany)

e Experion™ RNA StdSens Analysis Kit (Bio-Rad, Hemel Hempstead, UK)

e Foetal calf serum (FCS) (Invitrogen, Renfrew, UK)

e GenElute™ Plant Genomic DNA Miniprep Kit (Sigma-Aldrich, Poole, UK)

e Haemocytometer (Hawksley, Lancing, UK)

e HiPerFect® transfection reagent (Qiagen, Manchester, UK)
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PRLR primers (Integrated DNA Technologies, Leuven, Belgium)
Hyperladder™ DNA size marker (Bioline, London, UK)

Isolate 11 RNA mini kit (Bioline, London, UK)

L-glutamine (Invitrogen, Renfrew, UK)

Lipophilic Sephadex LH-20 (GE Healthcare, Little Chalfont, UK)

MaglJET nucleic acid purification kit (Thermo Scientific, Renfrew, UK)
miScript miIRNA mimic (Qiagen, Manchester, UK)

MirPremier microRNA isolation Kit (Sigma-Aldrich, Poole, UK)

Mg?*-Ca?* -free Hank’s balanced salt solution (HBSS) (Invitrogen,

Renfrew, UK)

Mouse monoclonal anti-CD63 antibody (Abcam, Cambridge, UK)
Non-essential amino acids (Invitrogen, Renfrew, UK)

Norgen Biotek Total RNA Purification Kit (Norgen Biotek Corp., Ontario,
Canada)

Nikon Eclipse TE300 Epifluorescent Inverted microscope (Nikon, Kingston
upon Thames, UK)

Oligonucleotide PCR primers (Integrated DNA Technologies, Leuven, Belgium)
PowerPlant® RNA Isolation Kit (Mo Bio, Carlsbad, USA)

PowerPlant® RNA Isolation Kit with DNase (Mo Bio, Carlsbad, USA)
Polyacrylamide gel (Bio-Rad, Hemel Hempstead, UK)

PureLink® RNA Mini Kit (Life Technologies, Renfrew, UK)

Qiagen RNeasy Total RNA Purification Kit (Sigma-Aldrich, Poole, UK)

Rabbit anti-Mouse IgG H&L (HRP) (Abcam, Cambridge, UK)

RNAlater® stabilization solution (Ambion, Austin, USA)

RPMI 1640 (Lonza, Verviers, Belgium)

Sodium pyruvate (Invitrogen, Renfrew, UK)

Spectrum’ Plant Total RNA Kit (Sigma-Aldrich, Poole, UK)

Streptomycin/ Penicillin (Invitrogen, Renfrew, UK)

Sulphuric acid (VWR, Lutterworth, UK)
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e TagMan® MicroRNA Reverse Transcription Kit (Applied Biosystems, Renfrew,
UK)

e mMiRNA PCR Assays (Thermo Fisher, Renfrew, UK)

e Tetro cDNA synthesis kit (Bioline, London, UK)

e TLC grade silica gel (60H, Merck, Darmstadt, Germany)

e TLC grade silica gel coated aluminium sheet (Precoated Silica gel PF254,
Merck, Darmstadt, Germany)

e Total Exosome Isolation (from urine) Kit (Life Technologies, Renfrew, UK)

e Total Exosome Isolation (from other body fluids) Kit (Life Technologies,
Renfrew, UK)

e Tris Acetate-EDTA buffer (Sigma-Aldrich, Steinheim, Germany)

e TRIzol® RNA Isolation Reagent (Invitrogen, Renfrew, UK)

e TrypLE Express (Invitrogen, Renfrew, UK)

e Virkon® (Antec International, Sudbury, UK)

2.3 Equipment

e 25cm? and 75cm? sterile flask (Thermo Fisher, Renfrew, UK)

e 12 and 96 well plates (Sigma-Aldrich, Poole, UK)

e Avance DRX500 MHz NMR (Bruker, Coventry, UK)

e MM300 Bead Milland cone balls (Retsch, West Yorkshire, UK)

e Beckman TLX ultracentrifuge with the TLA-55 rotor (Beckman Coulter, Inc.,
California)

e Bio-Ice cooling unit (Bio-Rad, Hemel Hempstead, UK)

e Biomax mbp 300 gel electrophoresis (Kodak, Watford, UK)

e Biotage Isolera™ Prime (Biotage, Uppsala, Sweden)

e Biotage SNAP C18 129 (Biotage, Uppsala, Sweden)

e Decon Sonicator (Decon laboratories, Hove, UK)

e Denali C18 Column 150 x 10mm 5um column (Alltech Applied Science,
Carnforth, UK)

e DNA Thermal Cycler 480 (Applied Biosystems, Warrington, UK)

44



Drug dissolution tester TDT-08L (Pharma Alliance Group Inc., California,
USA)

Edwards freeze dryer (Edwards, Crawley, UK)

Centrifuge 5415D (Eppendorf, Hamburg, Germany)

Experion™ Automated Electrophoresis System (Bio-Rad, Hemel Hempstead,
UK)

IKA® Grinder (IKA® Werke GmbH & Co. KG, Staufen im Breisgau, Germany)
Jeol Eclipse 400 NMR spectrometer (Jeol, Pleasanton, USA)

KODAK M35-M X-OMAT processor (Kodak, Watford, UK)

MTT solution (Biotium, Hayward, Canada)

NanoDrop 2000c Spectrophotometer (Thermo Scientific, Loughborough, UK)
NMR tubes (5mm x178 mm, Sigma-Aldrich, Poole, UK)

Orbitrap HRESI mass spectrometer (Thermo Fisher, Hemel Hempstead, UK)
Primus 96 plus thermal cycler (MWG-Biotech AG, Ebersberg, Germany)
Reveleris® Prep Purification System (Grace, Columbia, USA)

Rotary evaporator (Buchi, Flawil, Switzerland)

Safety Cabinet (Walker, Glossop, UK)

Soxhlet apparatus (Electrothermal, Staffordshire, UK)

SpectraMax M5 Microplate Reader (Molecular Devices, Sunnyvale, USA)
StepOne Plus Real time PCR System (Applied Biosystems, Renfrew, UK)
Techne DRI-Block® (Camlab, Cambridge, UK)

UV-detector 254nm and 364nm UVGL-58 (UVP, Chicago, USA)
Vortex-Genie-2 (Scientific industries, New York, USA)

Water Bath (Grant Instruments, Royston , UK)

X-ray film (Santa Cruz Biotechnology, Heidelberg, Germany)
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2.4 Sample collection
2.4.1 Plant material

Plant materials were collected from Libya in November, 2012 and January, 2013. Plants
were identified by Dr Mohamad Ramadan, Faculty of Science, Zawia University,
Zawia, Libya. Voucher specimens were deposited in the herbarium of the Faculty of
Pharmacy, Zawia University, Zawia, Libya. The plants were air-dried to prevent mould
and minimise degradation. The dried plant material was ground to a fine powder using
an IKA® grinder. Extraction of the ground plant was performed using a Soxhlet
apparatus by sequentially increasing the polarity of solvents every 3 days with each
solvent (hexane, ethyl acetate, and methanol). The extracts were then evaporated to

dryness at 40°C under vacuum using a rotary evaporator.
2.4.2 Body fluid samples

Camel milk and urine samples were collected in January 2014 from Ghadamis / Libya.
These samples were collected from one female dromedary camel (11 years old) that was
mainly fed on C. colocynthis and A. spinosus leaves. The samples were mixed with
RNA stabilisation reagent to minimise RNA degradation and kept at -80°C until further

use. Bovine whole milk was purchased from Tesco, UK.

2.5 Chromatographic techniques

2.5.1 Thin Layer Chromatography (TLC)

Thin layer chromatography (TLC) is one of the simplest forms of chromatographic
separation techniques. This technique is essential for choosing suitable mobile phases
for different separation methods such as column chromatography (CC), flash
chromatography (FC), and vacuum liquid chromatography (VLC). TLC provides a
quick way to analyse the components of a mixture or compare samples with standards.
TLC was also used to examine the purity of isolated compounds. Plant crude extracts,

fractions, or pure compounds were dissolved in a suitable (determined by trials and
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errors) solvent and spotted 1cm above the bottom edge of a TLC-grade silica gel-coated
aluminium sheet. A suitable solvent mixture was added to the TLC tank and left for a
while to saturate the tank environment. Filter paper was placed inside the tank to aid the
saturation. The spotted TLC plate was then placed in the TLC tank. When the solvent
front had reached 1cm from the top of the plate, the TLC plates were taken out of the
tank, the solvent front was marked with a pencil line and the plates air-dried
immediately. They were then examined visually, under UV light (A 254nm and 366nm)
and sprayed with anisaldehyde-H>SQO4 spray (5ml sulphuric acid, 85ml methanol, 10ml
glacial acetic acid and 0.5ml anisaldhyde) and heated at 110°C for a minute.

The Rf value for each spot was calculated by dividing the distance the spot travelled, by
the distance of the solvent front. This was used to pool similar fractions together, which
were then dried and further analysed by nuclear magnetic resonance (NMR) to elucidate
the structure of the compounds (Stahl and Mangold, 1975; Gray et al., 2012).

2.5.2 Vacuum Liquid Chromatography (VLC)

A column was dry-packed with silica gel 60H (300g) under vacuum (via a water
vacuum pump). Methanol extract (12g) was adsorbed on to a small amount of silica,
allowed to dry and applied to the top of the VLC column. Elution was carried out with
400ml of different solvent systems according to the polarity and as determined by TLC
(Coll and Bowden, 1986; Pelletier et al., 1986).

2.5.3 Size-Exclusion Chromatography (SEC)

This technique is also known as gel filtration chromatography or molecular sieve
chromatography. The principle of SEC is the separation of molecules according to their
molecular size. In this work, a slurry of Sephadex LH-20 (35g) was added to a glass
column of approximately 20.5cm height and 1.5cm diameter. Methanol extract (2g) was
applied in a small quantity of methanol to the top of the column. Elution was
commenced and completed with 100% MeOH and the fractions were collected in small

vials (about 3 ml per fraction).

47



2.5.4 Column Chromatography (CC)

This technique was applied to fractionate polar and non-polar components, using an
open glass column plugged with cotton wool. A glass column 55%3 cm was packed with
50g silica gel 60 and different crude extracts were eluted beginning with hexane after
preadsorbing the extract on to silica gel introduced to the top of the column. The eluent
was passed through the column with gradient elution. The polarity was subsequently
changed to 5% (v/v) methanol in ethyl acetate to collect more polar compounds and
250-300ml of solvent system was used each time. Fractions were analysed by TLC and

combined according to the band similarity and evaporated to dryness.

2.5.5 Preparative Thin Layer Chromatography (PTLC)

Preparative TLC (Prep. TLC) is a purification method carried out to isolate compounds
from fractions in low quantities. Prep. TLC consists of TLC plates of 0.5mm thickness
and 20g of silica gel (silica gel 60 PF2s4 containing gypsum), which is mixed with 40ml
of distilled water. The formed slurry is then applied as a thin layer to a glass plate with
a TLC applicator. The plates were allowed to air dry and then activated in an oven at

76°C (Sherma and Fried, 2006).

The mixture to be fractionated was dissolved in an appropriate solvent and spotted on
the prepared plate as a narrow band. The plate was immersed in a previously determined
solvent system. After drying, the plate was observed under UV light at A 254nm and
366nm, and bands were marked for collection and carefully scraped with a spatula.
Compounds were recovered from the silica gel by eluting the recovered stationary phase
with 100% ethyl acetate (EtOAc), a mixture of EtOAc /methanol (MeOH) (50:50%),

and finally with 100% MeOH for maximum recovery from the sorbent.
2.5.6 Biotage purification system

The Biotage system is an automated flash technology designed to fractionate crude
extracts and isolate pure compounds from mixtures of small quantities (1mg to 150g). It
works depending on detection of sample absorption of the light using two wavelengths
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(254nm & 280nm) to detect sample components. This system consists of a cartridge of
different sizes and types according to sample quantity and quality. A Biotage SNAP
C18 129 (60mg-400mg) cartridge was used to purify 350mg of the mixture. Firstly, the
sample was dissolved in a small quantity of MeOH and loaded onto the cartridge. This
system has a fraction collector which collects fractions (5ml in each tube). The solvent
system and the flow rate adjust automatically and each component of the sample is

collected according to light absorption (Table 2.1).

Table 2.1: Shows the solvent mixtures used and the duration of each one at a flow rate
of 8ml/m (A) and 7ml/m (B).

A B
No. Mobile Phase Solvent || No. Mobile Phase Solvent
(Water:Methanol) Mix (Water:Methanol) Mix
Length Length
(min) (min)
1 15%-15% 10 1 5%-15% 5
2 15%-15% 10 2 5%-15% 10
3 15%-30% 30 3 15%-20% 10
4 30%-40% 1 4 15%-20% 15
5 40%-50% 9 5 20%-30% 15
6 50%-58% 5 6 30%-50% 5
7 58%-100% 5 7 50%-100% 5

2.5.7 Reveleris® Prep Purification System

The Reveleris® Prep Purification System is a high performance instrument designed
with flash chromatography and preparative liquid chromatography modes. It allows the
use of each mode independently or sequentially. This system has three channel variable
UV-Vis wavelengths and Evaporative Light Scattering (ELS) detection that allow
detection and collection of all components of various samples. A 100mg of a mixture of

two compounds was dissolved in a suitable solvent and filtered using a 0.22um filter
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unit and finally injected into a Denali C18 Column 150 x 10mm 5um column using
preparative mode. The solvent system, collection volume, and the flow rate were

adjusted automatically (Table 2.2).

Table 2.2: Gradient solvent mixture and the duration of each one at a flow rate of

4ml/m.

No. Mobile Phase Solvent Mix Length
(Water: Acetonitrile) (min)

100%-0% 5
95%-5%
10%-90%
15%-85%
20%-80%
25%-75%

O oiff B W Nff

ol o1 o1 ol o1 o1

7 30%-70%

2.6 Spectroscopic examination

2.6.1 Nuclear Magnetic Resonance (NMR)

Nuclear magnetic resonance (NMR) spectra were obtained on a Jeol Eclipse 400
spectrometer operating at 400 MHz for *H and 100 MHz for 3C and Distortionless
Enhancement of Polarization Transfer (DEPT) spectra. A Bruker Avance DRX-500
(500MHz) spectrometer was used for heteronuclear multiple quantum coherence
(HMQC) and heteronuclear multiple bond connectivity (HMBC). Each pooled fraction
(15mg) was dissolved in 500ul of deuterated solvent; deuterated chloroform (CDCl3) or
dimethyl sulfoxide (DMSO-ds), depending on the solubility of the compound and the
extent of resolution obtained. The sample was then transferred to a 5mm internal
diameter NMR tube and the structures of the compounds were elucidated from the

resulting spectra. The NMR spectroscopic data were processed using MestReNova
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software 8.1.2 (Mestrelab Research, A Corufia, Spain)) and ChemBioDraw Ultra,

Version 14 (PerkinElmer, Yokohama, Japan), was used to draw compound structures.
2.6.1.1 One-Dimensional NMR (1D)

This is the simplest technique used in structure elucidation. *H NMR was used for the
determination of the types of protons in the compounds and *C NMR for providing
data on the number and kinds of carbon atoms in the compounds. Both H and *C 1D
NMRspectra can be less informative than two-dimensional (2D) NMR analysis

especially in the case of some of the more complex organic molecules.
2.6.1.2 Two-Dimensional NMR (2D)

2D NMR includes COrrelation SpectroscopY (COSY), Nuclear Overhauser
Enhancement SpectroscopY (NOESY), Heteronuclear Multiple Quantum Coherence
(HMQC) and Heteronuclear Multiple Bond Coherence (HMBC).

COSY shows *H-H connectivities. The proton shifts are plotted on both axes with the
contour plot along the diagonal of the square. NOESY records all the *H-'H NOE
correlations occurring in a molecule. HMQC was used to identify the correlation
between protons and carbons atoms in samples through the 1J coupling between them.
HMBC provided the correlation between the chemical shift of the protons in the
samples and the heteronucleus 3C through 2J and 3J coupling interaction between the

nuclei (long-range H-X-C-C-C correlations).
2.6.2 Mass Spectrometry (MS)

This technique is used to elucidate the elemental composition of a sample. One mg of
each sample was dissolved in 1ml methanol and 10uL of the solution was injected along
with a direct infusion of 0.1% (v/v) formic acid in acetonitrile: water (90:10) at a flow
rate of 200ul/m. High resolution electron impact mass spectra were recorded on a Jeol

505HA spectrometer. Positive ion and negative ion mode ESI experiments were carried
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out on a ThremoFinnigan LCQ-Decaiontrap or Orbitrap HRESI mass spectrometer. MS

data acquisition was carried out by Dr. Tong Zhang (SIPBS, University of Strathclyde).
2.7 Bio-activity examination

2.7.1 Tissue culture

2.7.1.1 Maintenance of the cells

The cell lines used in this study, obtained from the European Collection Animal Cell
Culture, (Public Health England, Salisbury, UK) were maintained at 37°C, 5% (v/v)
CO», and 100% humidity. All cell lines were obtained from Prof. Robin Plevin and Mrs.
Louise Young (University of Strathclyde, UK). Every 3-4 days, the cells were washed
with 5ml of Mg?*-Ca?* -free Hank’s Balanced Salt solution (HBSS) and trypsinised by
adding 5ml of TryplE Express and then incubated at 37°C for 4 to 6 min according to
the cell type. The cells were then observed under the microscope to ensure complete
detachment of the cells. The action of TryplE Express was stopped by adding 10ml of
complete culture medium (Table 2.3). The cells were then centrifuged at 1000xg for 2
min, the medium was removed, and the pellet resuspended in 10ml of fresh complete
medium. The cell numbers were counted using a haemocytometer and adjusted to the

required number according to the cell type.
2.7.1.2 Preparation of complete culture medium

The medium for each cell line was prepared in a sterile flow hood and was then stored
at 4°C until required (Table 2.3). All the cell lines used in this study were adherent with
an epithelial morphology (Figure 2.1).
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Table 2.3: Cell culture media of the cell lines used in this study.

Cell lines

ECACC
number

Complete Culture Medium

1. Hela cells

cervical cancer cells

93021013

500ml Eagle's Minimum Essential Medium
(EMEM) supplemented with 50ml foetal calf
serum 10% (v/v), 5ml
penicillin/streptomycin, 5ml non-essential
amino acids and 5ml L-glutamine

2. LNCaP cells

prostate carcinoma

89110211

500ml RPMI 1640 medium supplemented
with 50ml foetal calf serum 10% (v/v), 5ml
penicillin/streptomycin, 5ml L-glutamine
and 5ml sodium pyruvate.

3. ZR-75-1 cells

breast carcinoma

87012601

500ml RPMI 1640 medium supplemented
with 50ml foetal calf serum 10% (v/v), 5ml
penicillin/streptomycin, 5ml L-glutamine
and 5ml sodium pyruvate.

4. A2780 cells

ovarian carcinoma

93112519

500ml RPMI 1640 medium supplemented
with 50ml foetal calf serum 10% (v/v), 5ml
penicillin/streptomycin, 5ml non-essential
amino acids, 5ml L-glutamine and 5mi
sodium pyruvate.

5. PANC-1 cells

pancreatic carcinoma

87092802

500ml Dulbecco's Modified Eagle's Medium
(DMEM) supplemented with 50ml foetal
calf serum 10% (v/v), 5ml
penicillin/streptomycin ~ and  5ml  L-
glutamine.

6. A375 cells

malignant melanoma

88113005

500mI RPMI 1640 medium supplemented
with 50ml foetal calf serum 10% (v/v), 5ml
penicillin/streptomycin, 5ml non-essential
amino acids, 5ml L-glutamine and 5ml
sodium pyruvate.

7. PNT2 cells

normal prostate

95012613

500ml RPMI 1640 medium supplemented
with 50ml foetal calf serum 10% (v/v), 5ml
penicillin/streptomycin and 5ml L-
glutamine.

53




Figure 2.1: Morphology of the cell lines used in the present study; A: HelLa cells, B:
LNCaP cells, C: ZR-75-1, D: A2780 cells, E: PANC-1 cells, F: A375, G: PNT2,
Obijective lens X10.
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2.7.1.3 Seeding density optimisation

Each cell line was seeded in a 96-well plate at different seeding densities of 3000, 5000,
7000, and 10000 cells per well and allowed to attach overnight. An AlamarBlue® assay
(Section 2.7.1.4) was used to examine the differences between the four seeding

densities.
2.7.1.4 Cytotoxicity assay

The AlamarBlue® assay is a fluorometric measurement of metabolic activity and it was
used to detect the effect of isolated compounds on cell viability. In metabolically active
cells, AlamarBlue® can be reduced to resorufin and the dye appears changed from blue
to pink. Initial cytotoxicity screening was performed at a concentration of 500ug/ml
against the six tumour cell lines and one normal cell line. Two milligrams of each
compound tested was dissolved in either 100% serum-free medium or 1% (v/v) DMSO
in medium according to the solubility of each compound. Each compound solution
(100ul) was then added to the first well of rows A, B, C, and G of a 96-well tissue
culture plate. Row G contained compound and medium only and acted as a background
control for coloured material. DMSO (100ul) was added to the first wells of rows D and
E (solvent control). Medium containing 10% (v/v) AlamarBlue® solution (100ul/well)
was then added to row F which contained cells only. After that, medium in row H
containing 10% (v/v) AlamarBlue® solution was added (negative control). The plate
was placed in an incubator overnight at 37°C, 5% (v/v) CO2 and 100% humidity before
the addition of 10ul of AlamarBlue®. After addition of AlamarBlue®, the plates were
incubated at 37°C in 5% (v/v) CO2 and 100% humidity for 4h. The plates were then
read using a SpectraMax M5 micro-plate reader at 570nm and 600nm. The percentage
proliferation was calculated and plotted as the percentage of metabolically active cells
relative to the control. The statistical analysis was performed using GraphPad Prism
version 5.0 for Windows (GraphPad Software, San Diego, CA, USA). The values were

presented as the mean = SEM of triplicate readings and three separate assays set up.
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2.8 Molecular biology assays

2.8.1 Total RNA extraction

2.8.1.1 Plant total RNA extraction

Extraction of total RNA from the leaves of several desert plants was carried out using

a number of commercially available extraction kits in order to identify the most

effective method of extracting miRNAs from the plant samples (Table 2.4).
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Table 2.4: Comparison of RNA extraction using different RNA extraction Kits.

Name of RNA Mechanism of | Extracted Name of Extracted
Extraction kit RNA Nucleic Plant
Purification Acid
PureLink RNA Mini Spin column Total RNA | T. aphylla, A. spinosus,
Kit chromatography C. colocynthis and R.
epapposum.
Cambio PowerPlant Spin column Total RNA A. spinosus and C.
RNA isolation Kit with | chromatography colocynthis.
DNase
Cambio PowerPlant Spin column Total RNA T.aphylla, A. spinosus
RNA isolation Kit chromatography and C. colocynthis.
Qiagen Total RNA Spin column Total RNA | T. aphylla, A. spinosus
Purification Kit chromatography and C. colocynthis.
MirPremier microRNA Spin column Small RNA | T. aphylla, A. spinosus,
isolation Kit chromatography C. colocynthis and R.
epapposum.
Invitrogen PureLink Spin column Small RNA | T. aphylla, A. spinosus,
Kit with MirPremier | chromatography | from Total C. colocynthis and R.
flowthrough RNA epapposum.
Spectrum Plant Total Spin column Total RNA | T. aphylla, A. spinosus,
RNA Kit (Protocol A) | chromatography from C. colocynthis and R.
difficult epapposum.
plant tissue
Spectrum Plant Total Spin column Total RNA | T. aphylla, C. colocynthis
RNA Kit (Protocol B) | chromatography
Thermo Scientific Magnetic bead | Total RNA A. spinosus and C.
MagJET nucleic acid colocynthis.
purification kit
Norgen Biotek Total Spin column Total RNA A. spinosus and C.
RNA Purification Kit | chromatography colocynthis.
Invitrogen TRIzol® Organic Total RNA C. colocynthis.
RNA Isolation Reagent extraction
Ambion mirVana™ Organic Total RNA | T. aphylla, C. colocynthis
miRNA Isolation Kit extraction & Small
RNA
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A comparative study between the above kits was conducted. Due to the size of the
miRNAs and the capture limits of the purification systems, some total RNA
extraction kits require additional steps to improve the recovery of these small RNAs.
For example, the Spectrum kit had two protocols (A&B). Protocol A is designed
specifically for plant tissues with high water content and low RNA content to
increase microRNA yield. Protocol B is recommended for plant tissues with normal
water content. The PureLink, Plant RNeasy kit, and Norgen Total RNA kit disrupt
and homogenise samples in the presence of the chaotropic salt, guanidinium
isothiocyanate to overcome RNases. These Kits utilise the selective nucleic acid
binding properties of silica-based membranes with the speed of micro spin
technology without using of phenol or chloroform. The MagJET kit employs
magnetic bead technology to enable high yields of purified RNA from plant material.
RNA extraction using TRIzol® Reagent is based on organic solvent purification. It is
a solution of phenol, guanidine isothiocyanate, and other components which facilitate
the isolation of RNA. Other extraction kits are specifically designed to only purify
small RNAs such as the MirPremier and mirVana™ kits. Some extraction Kkits

require additional steps to improve the recovery of small RNAs.

All the spin column protocols include four main steps: disruption and lysing of
tissue; binding of RNA to an affinity column step; washing away of contaminants;
and a final elution step. The plant leaves (40-70mg) were first disrupted in sterile,
RNase—free 2ml tubes using a 6mm coneball and beadmill (Retsch, West Yorkshire,
UK) at a shaking frequency of 30 Hz for 30 seconds. This was repeated four times. A
lysis solution containing 2-mercaptoethanol mixture (lysing step) was added to the
plant material and mixed thoroughly by vortexing. The lysate was then filtered and
centrifuged to pellet any cell debris and transferred to another RNase-free
microcentrifuge tube. Next, ethanol was added to precipitate the RNA to facilitate
binding to the column (binding step) and most of the contaminants were removed in
the flowthrough following centrifugation. The bound RNA was then washed by
adding a washing solution to remove any remaining impurities (washing step), the

columns were centrifuged again, and the flowthrough discarded. This step was
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repeated and the tubes were re-centrifuged to ensure that the column was completely
dry and free of any residual wash solution. Finally, the purified RNA was eluted
using the provided elution buffer or water (eluting step). The last step was repeated
to improve the total yield. The purified RNA sample was placed at —-80°C for long

term storage.
2.8.1.2 Total RNA extraction from body fluids

Total RNA was extracted from camel milk and urine samples using a Norgen Biotek
Total RNA purification kit, which has specific protocols for small RNAs co-
purification from body fluids. Total RNA from store-bought, pasteurised whole cow
milk was also extracted using the same kit for comparison purposes. This assay has a
workflow similar to that of other extraction kits used for plant total RNA extraction
(Figure 2.2).

Mix Urine/Milk sample with
Lysis solution

4

? siND

SPIN l

] | WASH

SPIN l

i ‘ ELUTE

SPIN l

Purified
Urine/Milk RNA

Figure 2.2: Norgen RNA extraction workflow for body fluids.
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2.8.1.3 Total RNA extraction from exosomes

These microvesicles have been identified in body fluids and blood, indicating that
this exchange of information between different organs could occur by exosomes
(Qazi et al., 2010). Total RNA extraction from exosomes was applied to maximise
recovery of intact total RNA obtained by using commercial total RNA extraction
Kits.

2.8.1.3.1 Total exosome isolation from milk

As detailed in the Total Exosome Isolation (from other body fluids) kit procedure,
camel and bovine whole milk samples (500ul) were centrifuged using a bench
centrifuge at 2000 x g for 10 min at room temperature to remove cells and debris.
The supernatant was transferred to a new tube without disturbing the pellet which
contains contaminants and centrifuged again at 10,000 x g for 30 min at 4°C. A
clarified milk sample was transferred to a new tube and equal volume (500pl) of 1X
Phosphate-buffered saline (PBS) (137mM NaCl, 2.7mM KCI, 10mM NazHPOs.,
2mM KH2PO4, pH7.4) was added to it. A sample of milk was mixed with total
exosome isolation reagent by vortexing. The mixture was incubated at room
temperature for 30 min and then centrifuged at 10,000 x g for 10 min. Exosomes
were contained in a pellet at the bottom of the tube. The pellet was then resuspended

in PBS and stored at -80°C until further analysis.

2.8.1.3.2 Total exosome isolation from urine

Following the Total Exosome Isolation (from urine) kit procedure, SOOpl of camel
urine sample was centrifuged at 2000 x g for 30 min at 4°C and then the supernatant
was transferred to a new tube. An equal volume of total exosome isolation (from
urine) reagent was added to the sample and mixed well by vortexing and inverting of
the tube. The sample was then incubated at room temperature for 1h. After

incubation, centrifugation of the sample at 10,000 x g for 1h at 4°C was carried out
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to form a pellet which contains exosomes. RNA lysis buffer was immediately added
to the exosome pellet to prevent nucleic acid degradation. Total RNA was then
isolated from the lysed exosomes using the Norgen Biotek Total RNA purification
Kit.

2.8.1.3.3 Exosome isolation by ultracentrifugation

Pasteurised whole bovine milk sample was subjected to centrifugation at 4°C for 30
min at 2000 x g to remove fats followed by centrifugation at 12,000 x g for 30 min at
4°C to eliminate cell debris. The supernatant was removed to a new tube and then
subjected to ultracentrifugation at 110,000 x g for 2h using a Beckman TLX
ultracentrifuge with a TLA-55 rotor. RNA lysis buffer was immediately added to the
exosome pellet to prevent nucleic acid degradation. Total RNA was then isolated

from the lysed exosomes using Norgen Biotek Total RNA purification kit.
2.8.1.4 Exosome detection by Immunoblotting (Western Blot)

Characterisation of purified exosomes can be carried out using different techniques
such as Western blotting, flow cytometry, or electron microscopy. In this study,

immunoblotting analysis was applied.
2.8.1.4.1 Preparation of exosome sample

The exosome pellet was dissolved in 200ul of RIPA (Radio-Immunoprecipitation
Assay) Buffer (150mM NaCl, 1.0% (v/v) IGEPAL® CA-630, 0.5% (w/v) sodium
deoxycholate, 0.1% (w/v) SDS, and 50mM Tris, pH 8.0) by pipetting thoroughly,
followed by vortexing. To ensure complete lysis of the exosomes, the sample was
sonicated in a water bath for 10-15 min with vortex-mixing in between. The sample
was then centrifuged at 13,000 x g for 5 min at room temperature, and the
supernatant transferred to a new microcentrifuge tube, before storing at -20°C until

use.
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2.8.1.4.2 SDS-PAGE Polyacrylamide Gel Electrophoresis

In order to separate the proteins by gel electrophoresis, 10% (w/v) polyacrylamide
gel was assembled in a Bio-Rad Mini-PROTEAN 3® electrophoresis tank with both
reservoirs filled with running buffer (25mM Tris, 190mM glycine, 0.1% (w/v) SDS).
Thirty pl/well of each sample was loaded into the wells along with a molecular
weight marker using a micro-syringe. A negative control (without protein sample)
was loaded as well to ensure that there was no non-specific binding. Loaded samples
were electrophoresed at a constant voltage of 120V for one hour, until the marker
dye had reached the bottom of the gel.

2.8.1.4.3 Protein transfer from SDS-PAGE to nitrocellulose membrane

Following separation of the proteins on the polyacrylamide gel, the protein bands
were transferred to a nitrocellulose membrane using electrophoretic blotting. In a
transfer cassette sandwich, the gel was pressed against a nitrocellulose sheet between
two filter papers and two sponge pads. The cassette was then assembled in a Bio-Rad
Mini-PROTEAN 3® electrophoresis tank filled with transfer buffer (25mM Tris,
190mM glycine, 20% (v/v) methanol) and cooled in presence of Bio-Ice cooling unit.

This step was performed by applying a constant current of 100V for an hour.
2.8.1.4.4 Immunological detection of protein

Detection involves probing the membrane with a primary antibody specific to the
protein of interest, followed by incubating the membrane with an appropriate
conjugated secondary antibody (indirect detection of target antigen) and developed to
allow visualisation of that protein. The common exosomal proteins that can be
identified by immunoblotting include tetraspanin proteins; CD63, CD81, and CD9
(Gross et al., 2012; Mathivanan & Simpson, 2010; Simons & Raposo, 2009).
Tetraspanins are highly expressed transmembrane proteins (25-50 kD) and include at
least 28 different family members in mammals (Todres et al., 2000). Mouse

monoclonal anti-CD63 antibody was used as primary antibody and Rabbit anti-
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Mouse IgG H&L (HRP) as secondary antibody. The detection step included
incubation of the membrane in a blocking buffer of 3% (w/v) Bovine Serum
Albumin (BSA) in NaTT buffer (150mM NaCl, 20mM Tris, pH 7.4, 0.2%, viv
Tween-20) for 90 m with gentle agitation to reduce non-specific binding of the
antibody to the membrane. After blocking, the membrane incubated overnight with
the primary antibody (diluted to 1:1000 in NaTT buffer containing 0.2%, w/v, BSA)
to form an antigen-antibody complex specific to the target protein. The next day, the
membrane was washed three times in NaTT every 15 min with gentle agitation on a
platform shaker. The membrane was then incubated at room temperature for 90 min
with secondary antibody diluted to 1:10000 in NaTT buffer containing 0.2% (w/v)
BSA. After incubation, the membrane was washed in NaTT for 90 min. Finally,
detection of immunnoreactive protein bands was carried out by membrane incubation
for 2 min in an enhanced chemiluminescence (ECL) reagent. The membrane was
then developed in dark room by exposure to X-ray film for the required time using a
KODAK M35-M X-OMAT processor.

2.8.2 Assessment of extracted RNA purity

The RNA concentrations of all samples were measured spectrophotometrically using
a NanoDrop 2000c Spectrophotometer. It can measure 0.5-2ul of the RNA samples
across the ultraviolet-visible spectrum range and allows assessment of the purity of
extracted RNA through calculation of absorbance ratios (260/280nm and
260/230nm). Ratios of 1.8-2 suggest pure RNA low in protein and chemical

contaminants (Figure 2.3).
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Figure 2.3: Pure RNA absorbance curve on a NanoDrop 2000c

Spectrophotometer.

2.8.3 Integrity analysis

Evaluation of the total RNA integrity and purity is essential to provide quality
assessment and assurance that the RNA is suitable for downstream applications.
Assessment of the extracted RNA integrity was examined by micro-fluidic capillary
electrophoresis using a Bio-Rad Experion Automated Electrophoresis System in
which 1ul of each RNA sample was electrophoretically separated on a microfluidic
RNA lab-chip and subsequently detected via laser-induced fluorescence. Figure 2.4
shows an electropherogram of total RNA with two high-molecular weight bands
comprising the 28S and 18S ribosomal RNA (rRNA) species and other bands for
smaller RNA species. RNA is considered of high quality with good integrity when
the ratio of 28S:18S bands is about 2 and higher. The Experion system also provides
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a RNA Quality Indicator (RQI). This is a scale from one, which reports highly
degraded RNA, up to ten which is from intact RNA. With extracted RNA, an RQI
value of 8 or more is indicative of high integrity RNA (Denisov et al., 2008).
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Figure 2.4: Experion total RNA analysis. A: an Experion electropherogram and B:

Experion virtual gel, showing total RNA of high quality.

2.8.4 Quantitative Real Time PCR of miRNAs

This method for the quantification of specific miRNAs in samples is a two-step
process (Figure 2.5). The first required step is a stem-loop reverse transcription
reaction (RT) to convert the miRNAs to cDNA and the second step is the
quantitative polymerase chain reaction using the cDNA as the template (QRT-PCR).
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Figure 2.5: Schematic description of TagMan-based, quantitative miRNA RT-
PCR assay method (Chen et al., 2005a).

Three plant miRNAs were selected for this initial study based on both their
likelihood of expression in the particular plants under study and their potential to
regulate human gene expression. The miRNAs chosen were: miR-166a, miR-167a,
and miR-168a (Table 2.5) as they are found to be highly conserved across plant
species and have had human gene targets identified or predicted (Zhang, 2010a).
This assay only requires 10ng of the extracted total RNA. Aerosol-resistant filter
pipette tips were used in both steps to protect samples from any cross-contamination

that may occur because of aerosol transfer.
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Table 2.5: Applied BioSystems TagMan Small RNA assays used in this study.

Applied . . -
MIRNA | Assay Name BioSystems The miRNA ha_s been identified
Assays ID n
Aquilegia caerulea, Brachypodium
miR-166a | ath-miR166a 000347 | distachyon, Brassica napus, Citrus
sinensis, Digitalis purpurea,
Glycine max, Manihot esculenta.
Brachypodium distachyon, B.
napus, B. rapa, Cucumis melo, D.
miR-167a | ath-miR167a 000348 purpurea, Theobroma cacao,
Triticum aestivum, Vitis vinifera,
Zea mays.
B. napus, C. clementine, C.
miR-168a | ath-miR168a 000351 reticulata, Cynara cardunculus,

Vigna unguiculata, V. vinifera

2.8.4.1 Stem-loop Reverse Transcription reaction

This complementary DNA (cDNA) synthesis method is required to allow the

assessment of specific miRNA levels or expression by converting the extracted

miRNA to single-stranded cDNA. This reaction is carried out using the Tag-Man®

miRNA Reverse Transcription Kit and miRNA-specific RT primers as per the

manufacturer’s instructions and contained:

1. Each RNA sample reaction (RT+) includes: 3ul of 5x specific miRNA assay
primer, 10ng RNA sample, and 7ul of ABI TagMan Small RNA Master Mix
which consists of 0.15ul of 100Mm dNTP, 50U Multiscribe™ reverse

transcriptase, 10x reverse-transcription buffer, 20U RNase-Inhibitor, and

4.16uL nuclease free water. The contents were mixed by pipetting followed

by brief centrifugation. These samples were labelled RT+ samples.

2. RT- samples contain the same reagents in the same quantities except water is

used instead of Multiscribe reverse transcriptase. This provides a no-template

67




or genomic DNA control sample. When used in gRT-PCR, this sample
should not generate a signal as no cDNA should be present. If a signal is
obtained then that may have come from genomic DNA contaminating the
RNA sample or reaction. The contents were mixed by pipetting followed by
brief centrifugation. These samples were labelled RT- samples.

3. RT+ and RT- samples were incubated in a DNA Thermal Cycler 480 to carry
out the reverse transcription reaction using the following conditions: 16° C
for 30 min, 42° C for 30 min, 85° C for 5 min, and hold at 4° C.

4. Both RT+ and RT- samples were stored at -20° C before running the real-
time PCR assays.

2.8.4.2 TagMan Probebased quantitative real-time reverse transcribed
polymerase chain reaction (QRT-PCR) for miRNA expression analysis

TagMan gene expression assays provide a quantitative detection of target RNA
transcript expression levels and it is comprised of two unmodified oligonucleotides
and a TagMan probe. The intact TagMan® oligonucleotide probe consists of a
fluorescent reporter dye at its 5° terminus and a quencher dye at its 3’ end. The
closeness between two dyes leads to suppress the reporter fluorescence, thus the
cleavage of this probe during the polymerization step, separates two dyes. The 3’ end
of the probe is blocked to prevent extension of the probe during PCR. The increase in
the reporter dye fluorescence refers to the accumulation of amplified products during
each cycle of the PCR (Bustin and Mueller, 2005).

This assay was performed in triplicate for RT+ and RT- samples, and includes a
positive control (PC) and a negative control (NC). The total volume of reaction in
each tube was (20puL) using 1.33uL RT product, 10uL Luminaris Colour Probe High
ROX Mastermix (2x), and 1pL miRNA-specific TagMan primer/probe mix (20x) per
reaction. To reduce the risk of cross-contamination, aerosol-resistant pipette tips
were used through the procedure. Real-time PCR was carried out on an Applied
BioSystems StepOne Plus Real-time PCR system using the following conditions: 95
°C for 10 min, followed by 40 cycles of 95 °C for 15 s and 1 min at 60 °C. The PCR
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was stopped by a hold at 4 °C. Raw data was then analysed with ABI StepOne
Software version 2.1 (Applied BioSystems, Renfrew, UK), using the automatic cycle
threshold (Ct) determination. The Ct was defined as the cycle number at which the

reporter fluorescence was greater than the threshold (Bustin and Mueller, 2005).

With the appropriate internal reference control targets or concentration curves,
accurate quantification, whether relative or absolute, can be obtained (Livak and
Schmittgen, 2001; Pfaffl, 2001). Applying this practice across multiple sample types,
species, and experimental conditions can be challenging so approximate measure of
the concentration of target in the PCR reaction can be given by the Ct value. A Ct
value of 29 or less suggests an abundance of target nucleic acid in the sample. A
sample Ct of 30-37 would suggest moderate amounts of target nucleic acid present
and Cts of 38-40 are indicative of minimal amounts of the target nucleic acid.
Comparative graphs were created using Graphpad Prism Version 5 (GraphPad
Software, La Jolla, USA).

2.8.5 Agarose gel electrophoresis

Horizontal submarine agarose gel electrophoresis is a common molecular technique
for separating nucleic acids under the influence of an electric field and determining
their size. Agarose gel was used as a separation medium and prepared by suspending
dry agarose in 1x Tris-borate-EDTA buffer (TBE) and heating until the agarose
melts. A DNA stain such as ethidium bromide is added, and the gel solution is then
pour into a casting tray and allowing it to cool and set. The agarose gel was
submersed under 1x TBE running buffer in an electrophoresis tank. The PCR
products were mixed with a loading buffer which increases the density of the sample
and contains a tracking dye. DNA is negatively charged and will move to the positive
electrode under an electrical field. It also binds with the stain to fluoresce under UV

light on a gel documentation system.

A DNA ladder or DNA marker was usually loaded on a gel with the DNA samples. It
contains a set of known DNA fragments with different sizes in base pairs (bp) or kilo
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bases (kb) of a range appropriate for the sample size. These DNA fragments were
separated and visualised as DNA bands on the gel. Determination of the size and
quantity of the DNA fragments were achieved by comparing with the size and
quantity of the DNA bands in the DNA ladder.

2.8.6 In vitro digestion of bovine milk

Therefore the objective of this section was to detect plant-derived miRNAs in bovine
milk following the gastric stage of human digestion sample using a drug dissolution
tester TDT-08L. This would demonstrate their resilience and bioavailability and their
potential for cross-kingdom gene regulation. The drug dissolution tester is usually
used to predict in vivo drug release profiles by providing information about in vitro
drug release. It is an industry standard system in complying with United States
Pharmacopoeia specifications (USP). The system was used with simulated human
gastric fluid (SGF) with a pH of 1.2 at a temperature of 37°C and gut movement was
simulated with the help of paddles rotating at 50 rpm. The SGF contained 3.2mg/ml
pepsin and 0.03M NaCl at pH of 1.2. The half gastric emptying time (T1/2) of a
liquid test meal is 19 min (Ziessman, et al 2016). The levels of specific plant miRNA
were measured at the beginning of digestion (t=0) and at time intervals of 19 (t=19)
and 38 min (t=38) of incubation. Sample aliquots of 100uL were collected for total
RNA extraction. A stem-loop reverse transcription of extracted total RNA samples
was carried out using Tag-Man® miRNA Reverse Transcription Kit and miRNA-
specific RT primers followed by quantitative real-time PCR to measure the quantity
of target plant miRNAs using TagMan miRNA assays. Comparison of multiple
samples was performed by one-way ANOVA followed by Tukey’s post hoc tests to

calculate p values. Values of p < 0.05 were considered significant.
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2.8.7 Quantification of human prolactin receptor (PRLR) in several cancer cell

lines

2.8.7.1 miRNA target gene prediction

As little as only 6bp complementary binding between a miRNA and its mRNA target
can reduce its expression (Thomson et al., 2011). There are a number of research
tools available to help identify miRNAs that target specific gene transcripts (Wang
and El Naga, 2008). These systems do not consider a xenomir model and can only
screen miRNAs for targets gene targets within the same organism and not for plant
miRNAs to animal gene targets. There are accepted rules for miRNA target
prediction (Lewis et al., 2003; Doench and Sharp, 2004; Brennecke et al., 2005). As
these rules may not apply for plant miRNA:human mRNA targets, a BLAST (basic
local alignment search tool (Johnson et al., 2008) was conducted using the sequences
of a number of miRNAs found in the plants in this study to see if there was any
possibility of complementary pairing. Human Prolactin receptor (PRLR) variants 1
(NM-000949.5) and 6 (NM-001204314.1) were high-scoring hits on the BLAST
search with 15 base complementarity. This analysis was performed in an earlier

target gene prediction study in our research group by Anna Philip.

To see if these plant miRNAs could have an effect on the expression of the prolactin
receptor, a human cell line which natively expressed PRLR was transfected with
synthetic miRNA or “mimic” versions of these plant miRNAs and the PRLR

expression levels measured.

2.8.7.2 Total RNA isolation

Total RNA from six cancer cell lines was extracted using Isolate 11 RNA mini kit and
the concentration of isolated total RNA was then measured using a NanoDrop 2000c

Spectrophotometer.
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2.8.7.3 Complementary DNA synthesis

The complementary DNA (cDNA) synthesis method is required to generate cDNA
from an RNA template using an Oligo (dT) 1g primer. This primer method makes use
of the poly-A tail on the 3" end of eukaryotic mMRNAs to help ensure the cDNA
produced is derived from transcripts in the RNA sample, and provides an indication
of their expression. The resultant cDNA is suitable for use in gRT-PCR with gene-
specific primers. For this study, this reaction is carried out using the Tetro cDNA

synthesis kit as per the manufacturer’s instructions:

1. Each RT+ samples include 100ng of total RNA, 1uL oligo (dT), 1X RT
buffer, 0.5mM of dNTPs, 200 U of Tetro reverse transcriptase and 10 U of
RNase inhibitor. The contents were mixed by pipetting followed by brief
centrifugation.

2. RT- samples contain the same reagents in the same quantities except water is
used instead of Tetro reverse transcriptase. This provides a no-template or
genomic DNA control sample. When used in qRT-PCR, this sample should
not generate a signal as no cDNA should be present. If a signal is obtained
then that may have come from genomic DNA contaminating the RNA sample
or reaction. The contents were mixed by pipetting followed by brief
centrifugation.

3. RT+ and RT- samples were incubated in a Model 480 thermocycler (Applied
Biosystems, Warrington, UK) for 30 min at 45°C. The cDNA synthesis
reaction was stopped by incubating at 85°C for 5 min. The cDNA reactions

were stored at -20°C until required.

2.8.7.4 Quantitative real-time reverse transcribed polymerase chain reaction
(QRT-PCR)

This assay is reliant on SYBR® Green dye binding to double-stranded DNA. SYBR
green is useful in monitoring the accumulation of PCR products in quantitative real-

time PCR. In every cycle, DNA polymerase amplifies the target sequence to increase
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the amount of PCR products. With SYBR green present in the reaction, binding
between SYBR® dye and double-stranded PCR products results in an increase in
fluorescence intensity proportioned to the amount of PCR product produced. The
assay was conducted to measure the level of PRLR mRNA expression in several
cancer cell lines (A375, PANC-1, A2780, ZR-75-1, LNCaP, and HelLa). The
selection of appropriate reference genes for normalisation of the data is essential to
ensure precise quantification of PRLR mRNA expression level (Bustin and Mueller,
2005). Peptidylprolyl isomerase B (PPIB), a housekeeping gene used in case of
comparing mRNA expression in different experimental conditions in which the
expression of a target gene has to be normalized to this gene (Pachot et al., 2004). It
has been identified as a suitable reference gene in an earlier study, a typical reaction
comprised of 1pM forward and reverse primers (2ul each) of PRLR (target) or PPIB
(Table 2.6), 10pL of 2x Fast SYBR Green master mix, and 1.33uL cDNA in a
reaction volume of 20pL. The RT-PCR reactions were carried at 95°C for 20 sec
followed by 40 cycles of 95°C for 3 sec and 60°C for 30 sec in a StepOnePlus RT-
PCR system. This was followed by melt curve analysis to detect any issues with

mispriming or multiple amplicons.
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Table 2.6: Sequences of PPIB and PRLR primers.

Name

Sequence-(5"- 3")

Amplicon
size (bp)

Genebank
accession
number

PPIB

forward
primer

CAGTGGATAATTTTGTGGCCTTAG

PPIB

reverse
primer

CTCACCGTAGATGCTCTTTCC

149

NM-000942

PRLR

forward
primer

TGGCAAGCAGTACACCTCCATGTG

PRLR

reverse
primer

CAGCTCCAAAGGAGGGTCTGGC

136

NM-000949

2.8.7.5 Delta delta Ct method

This delta-delta Ct (AACt) method is used to calculate the relative changes in the

gene expression determined from real-time quantitative PCR experiment (Livak and

Schmittgen, 2001). The AACt method normalises the Ct values of the target gene to

the Ct values of the reference gene to determine the fold changes in the gene

expression between the control and treated samples using the following equations:

e The difference between the Cts for the target gene and the reference gene for

the treated and the control samples (ACt):

ACt = Ct target — Ct reference gene

e The difference between the ACts between the treated and control samples

(AACY):

AACt = ACt treated — ACt control

e Fold change (FC) in the treated sample was equal to 2"44¢
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2.8.8 Effect of plant miR-167 on PRLR expression in cancer cell lines
2.8.8.1 Small RNA transfection of mammalian cells

2.8.8.1.1 Transfection validation

Transfection validation was carried out to ensure an effective transfection method for
small RNAs for studied cell lines. Transfection efficiency was measured using
AllStars Hs Cell Death positive Control siRNA and Alexa Fluor-488 labelled
(AF488) AllStars Negative Control under different conditions to determine the
optimal conditions for maximum transfection efficiency. Three concentrations of
each control were carried out in each experiment and a control (non-transfected cells)

was involved. Each experiment was performed in triplicate for each cell line.

2.8.8.1.1.1 Transfection examination by AllStars Hs Cell Death positive control
SiRNA

2.8.8.1.1.1.1 AllStars Hs Cell Death positive control sSiRNA

The AllStars Hs Cell Death positive control siRNA is a siRNAs mixture which is
able to target and knockdown human cell survival genes when transfected to the cell
effectively, causing cell death. An optimised number of cells from each cell line
(Table 2.7) were seeded in a 96-well plate and the transfection complexes were
added to the cells using a range of concentrations of the positive control (Table 2.8).
The efficacy of this control was assessed by the methyl-thiazolyl-tetrazolium 3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) cell viability assay
and observing the cells under a light microscope, 72h after transfection. The
concentration of the control at which 50% of its maximum response is observed

(ECso), was determined.
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Table 2.7: Cell line densities in 96-well plates.

Cell line Cell density/well
A375 7000
PANC-1 10000
HelLa 10000
A2780 7000
LNCaP 10000
ZR-75-1 7000

Table 2.8: Transfection optimisation of AllStars Hs Cell Death positive Control
SiRNA.

Condition 1 Condition 2 Condition 3

31.25ng siRNA (12.5nM*) | 62.5ng siRNA (25nM*) | 125ng SiRNA (50nM*)

1pl HiPerFect 1pl HiPerFect 1ul HiPerFect

* Refers to the final miRNA concentration in each well.

2.8.8.1.1.1.2 MTT assay

The MTT assay was used to detect the effect of AllStars Hs Cell Death Control on
cell viability. It measures the mitochondrial activity of the viable cells based on the
conversion of MTT into formazan crystals. After 72h of treatment with the
transfection complexes, 100l of 5mg/ml MTT solution is added to the media in each
well and incubated for up to 4h under normal growth conditions. After 4h, the media
was removed from all the wells and replaced with 100ul DMSO to stop the reaction.

Finally, the absorbance at 570nm was read using a SpectraMax M5 micro-plate
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reader. The percentage viability was calculated as the absorbance for treated cells

divided by the absorbance for control (untreated) cells.

2.8.8.1.1.1.3 Transfection examination by AF488-labelled AllStars Negative
Control siRNA

Transfection of each cell line was performed at various concentrations of AllStars
Negative Control and at different quantities of transfection reagent to identify the
optimum transfection conditions for small RNAs into the cell lines in this study
(Table 2.9). The performance of this control was evaluated by detection of the
cellular uptake of AF488-labelled AllStars Negative Control siRNA using a Nikon
Eclipse TE300 Epifluorescent Inverted microscope, 6, 12, 24, 48, and 72h after
transfection. The cell images were captured using MetaMorph software (MetaMorph,
London, UK).

Table 2.9: Transfection optimisation of AllStars Hs Negative Control siRNA.

6ul HiPerFect

12ul HiPerFect

6ul HiPerFect

Condition 1 Condition 2 Condition 3 Condition 4
75ng siRNA 75ng siRNA 150ng siRNA 150ng siRNA
(10nM*) (10nM*) (20nM*) (20nM*)

12ul HiPerFect

* Refers to the final miRNA concentration in each well.

2.8.8.2 Effect of plant miR-167 mimic on PRLR expression in cancer cell lines

This experiment was carried out to assess the possible regulatory impact miR-167
might have on PRLR mRNA expression in several tumour cell lines. Each cell line
was transfected using the optimised conditions and transfection complex. After 72h
of transfection a complex of 150ng of a miR-167 mimic and 12ul HiPerFect, the
cancer cell lines were collected and total RNA was extracted. The concentration and

the purity of total RNA were determined and total RNA samples were reverse
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transcribed to prepare the cDNA for gRT-PCR using selected primers for PRLR as
described in Section 2.8.7.3. Relative expression levels of PRLR mRNA transcripts
were normalised to the reference gene PPIB using the AACt method (Section 2.8.7.5)
and the significant changes in fold difference were measured by one-way ANOVA

followed by Tukey’s post hoc tests to calculate p values.
2.8.8.3 Effect of plant total RNA on PRLR expression in cancer cell lines

This experiment was carried out to examine the effect of plant total RNA sample
(containing miR-167) on the expression of PRLR mRNA. First, total RNA samples
were extracted from A. spinosus and C. colocynthis using PureLink® RNA Mini Kit.
Next, a 10ng of each total RNA sample and also from miR-167 mimic was reverse
transcribed. The cDNA samples were used as template of qRT-PCR and the level of
miR-167 in each sample was quantified. The required amount of miR-167 in the
plant total RNA samples was calculated (Section 2.8.8.3.1). The plant derived total
RNA showed such low levels of the miR-167 and a large quantity would have to be
used in order to deliver the same amount as 10ng of the mimic. This amount is far in
excess of what is practical in a transfection-based cell culture experiment and what
was available from the limited amount of plant material. More manageable amounts
were selected (150 and 300ng/ul), recognising that the effect could be a fraction of

what the mimic could achieve.

Each tested cancer cell line was transfected with two different concentrations (150
and 300ng/ul) of total RNA sample (extracted from C. colocynthis). 72h after
transfection, cells were collected and total RNA was extracted. The concentration
and purity of total RNA were determined and then reverse transcribed to provide the
cDNA as template of gRT-PCR. The expression level of PRLR mRNA was
quantified using selected primers for PRLR as described in Section 2.8.7.4. Relative
expression levels of PRLR mRNA transcripts were normalised to the reference gene
PPIB using the AACt method (Section 2.8.7.5). The significant changes in fold
difference were measured by one-way ANOVA followed by Tukey’s post hoc tests
to calculate p values.
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2.8.8.3.1 Calculating the amount of miR-167 in plant total RNA samples

Based on the comparative miR-167 levels, the amount of miR-167 in plant total
RNA samples was calculated. As shown in Table 2.10, the level of miR-167 in C.
colocynthis sample was higher than that in the other plant and it was selected for
further analysis. The following equations were used to calculate the required quantity

of the miR-167 in the sample comparing with miR-167 mimic amount:

1. Calculation of the difference between the Cts for the miR-167 mimic and the

total RNA sample (ACt):
ACt=19-6.9
ACt=12.1

2. Calculation of fold difference between miR-167 in plant material and 10ng of
mimic (FD= 24
FD = 2121

FD =4390

Quantity of Plant material needed to have the same amount of miR-167 as 10ng of
mimic based on Ct= FD x 10ng

1x (43.9ug from total RNA sample) = 10ng (miR-167 mimic)

Table 2.10: Comparison of Ct values of each sample.

Sample Name Ct value
miR-167 mimic 6.9
Total RNA from A. spinosus 21
Total RNA from C. colocynthis 19
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2.8.9 Plant genotyping

Some plant samples were collected from different places in Libya because of the
extreme hazards and difficulties in obtaining the plant material. In order to ensure
that plant samples tested were of the same species, plant genotyping was conducted.
This was done on extracted plant DNA using Inter-simple Sequence Repeat-PCR
(ISSR-PCR).

2.8.9.1 Plant genomic DNA isolation

Genomic DNA was extracted from two samples (each sample was collected from
different cities in Libya) of each plant (T. aphylla and C. colocynths) according to the
manufacturer’s instructions using GenElute™ Plant Genomic DNA Miniprep Kit.
Following DNA extraction, DNA concentration of each sample was then measured

using a NanoDrop 2000c Spectrophotometer.
2.8.9.1.2 The Inter-Simple Sequence Repeat-PCR (ISSR-PCR)

The Inter-simple Sequence Repeat-PCR (ISSR-PCR) is a PCR-based assay that can
enable one to visualise plant genetic variation (Zietkiewicz et al., 1994). SSR are
microsatellites or simple sequence repeat and they can be detected by PCR. They are
abundant and scattered throughout the eukaryotic genomes analysed. ISSR primers
contain one to three bases for primer annealing to either the 5° or 3" end of the SSR
(Charters et al., 1996). The ISSR primers anneal to and amplify DNA sequence
between the two adjacent and oppositely oriented SSRs (Zietekiewicz et al. 1994). In
this study, five ISSR primers were chosen from Primer Set #9 of the University of
British Columbia (UBC) Biotechnology Laboratory (Table2.11). PCR
amplifications were carried out in a reaction containing 2ul of 10ng of purified plant
genomic DNA, 12.5ul of Promega Go-Tag Green mastermix, 1.25ul of the
10pmol/ul solution of the ISSR primer and 9.25ul water. The 25uL reactions were
incubated in a Primus 96 plus thermal cycler using the following conditions: 95°C
for 2 min, followed by 35 cycles of 95°C for 30 sec, 50°C for 30 sec and 1m at 72°C.

No-template negative controls which contain the same reagents in the same
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quantities, but water is used instead of plant genomic DNA to detect any
contamination. The PCR products were electrophoresed on a 0.3% (w/v) TBE
agarose gel and visualised under UV light. The obtained banding patterns were
analysed to estimate genetic relationships between the plant samples. The bands with
strong intensities and clearly distinctive bands were scored only. While the smeared
or faint bands could be the result of unspecific binding of ISSR primers and should
be excluded. When comparing band profile of the samples, the sample with the
highest number of bands was considered as a reference sample and the other was
considered as compared sample. Thus, the bands which were visible in the reference
sample only are called polymorphic bands. The increase of the number of the

polymorphic bands refers to the increase of genetic variability between samples.

Table 2.11: Nucleotide Sequences of ISSR primers used in this study.

ISSR Primer
UBC Code Sequence (5- 3")
UBC-801 ATATATATATATATATT
UBC-807 AGAGAG AGAGAGAGAGT
UBC-816 CACACACACACACACAT
UBC-845 CTCTCTCTCTCTCTCTRG
UBC-849 GTGTGTGTGTGTGTGTYA
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Chapter 3 Results
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Part 1: Phytochemistry and biology results
3.1 Fractionation of T. aphylla crude extracts

The methanol extract (229, 3.66%) of T. aphylla was subjected to VLC (Methods
Section 2.5.2). Fraction-(5) coded TA-1 was obtained as a white crystalline solid
(250mg, 1.13%) identified as a mixture of two compounds while fraction-(6) (29,
9.09%) coded TA-2 was obtained as a white powder of a single compound. Other
fractions were identified as mixtures of two or three compounds and were subjected
to further fractionation using Sephadex coloumn. Fractions were assessed using
NMR and it also enabled elucidation of the structure of TA-3 (25mg, 0.11%) and
TA-4 (11mg, 0.05%). The *H NMR spectrum of the hexane and EtOAc extracts of T.
aphylla showed signals suggesting the presence of mixtures of triglycerides and fats.

No single compound was separated from the fractionation of the latter extracts.

3.1.1 Characterisation of TA-1 as a mixture of trans-coniferyl alcohol-4-O-
sulphate (TA-1a) and trans-coniferyl acetate-4-O-sulphate (TA-1b)

The compounds TA-1a and TA-1b (Figure 3.1) were isolated as a mixture from the
methanol extract of the leaves of T. aphylla by VLC. Using 30% (v/v) MeOH in
EtOAc as the mobile phase for TLC (Method Section 2.5.1), the mixture appeared as
a violet spot (Rs= 0.74) after spraying with p-anisaldehyde-sulphuric acid reagent and
heating.

The *H NMR spectrum of the major compound TA-la (Figure 3.2, Table 3.1)
revealed the presence of an aromatic ring with protons at o4 7.39 (1H, d, J = 8.3 Hz,
H-5), dn 7.02 (1H, d, J = 2.0 Hz , H-2), and dn 6.87 (1H, dd, J1 = 8.3 Hz, J,= 2.0 Hz,
H-6). The coupling constants and multiplicity of these signals indicated an aromatic
ABX spin system. The spectrum also showed the presence of trans olefinic protons
at 0w 6.48 (1H, dt, J1 = 15.9 Hz, J>= 5.2 Hz) and 6n 6.30 (1H, dt, J1 = 15.9, J»=5.2
Hz) were assigned to H-7 and H-8, respectively. A signal for a 3H singlet at 61 3.76
represented a methoxy group.
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A DEPTQ@-135 NMR spectrum (Figure 3.2B, Table 3.1) indicated the presence of ten
carbon atoms including one methylene carbon at 62.0 ppm, one methoxy carbon at
56.1 ppm, three quaternary carbons at 132.8, 142.5, 151.0 ppm and five CH carbons
at 110.5, 121.3, 118.8, 129.0, 129.8 ppm.

The HMBC spectrum (Figure 3.3B, Table 3.2) showed 2J correlation between &
7.39 (H-5) and carbon signal at 5c 142.5 (C-4) and 3J correlations to the carbons at
dc 132.8 (C-1) and &c 151.0 (C-3). The protons at dn 7.38 (H-5) showed a 3J
correlation to C-3. The proton signal at o4 7.02 (H-2) showed direct correlation to dc
110.5 in the HMQC spectrum (Figure 3.3A). The singlet of the methoxy group
showed a 3J correlation with an aromatic carbon bearing it at 5c 151.0. The 3J
correlations between the proton signals at 6w 7.02 (H-2), 61 6.87 (H-6) and the signal
at 5c 129.0 and 2J correlation between the proton signal at &u 6.30 (H-8) and the
carbon at ¢ 129.0 which therefore confirmed the position of ¢ 129.0 at C-7. Protons
H-7 and H-8 showed 3J and 2J correlations to the carbon at 62.0 ppm which was

assigned to C-9.

The HREI-MS data showed pseudo molecular ion [M] — at m/z 259.0605 suggesting
the molecular formula of C10H1206S. The above data suggests TA-1a to be a trans-
coniferyl alcohol-4-O-sulphate or Phenol, 1-(3-hydroxy-1-propen-1-yl)-3-methoxy-,
4-(hydrogen sulfate). The spectral data were consistent with those reported in
literature and this compound was previously isolated from the stem bark of other
Tamarix species; T. gallica, T. africana and T. bobeana (Toméas-Barberan et al.,
1990). However, this is the first report of the isolation of trans-coniferyl alcohol 4-O-

sulphate from T. aphylla.

The 'H and DEPTQg-135 NMR (Table 3.1) spectra for the minor compound TA-1b
(Figure 3.1) followed the same pattern as that of TA-1a except for the presence of an
acetate group instead of a hydroxyl group at C-9 and the protons at this position were
deshielded by 0.56 ppm comparing with the same protons in TA-1a (Table 3.1). The
'H NMR spectrum of TA-1b (Figure 3.2A, Table 3.1) indicated the presence of an
aromatic ring with proton signals at 6 7.42 (1H, d, J = 8.3 Hz, H-5), 7.07 (1H, d, J =
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2.0 Hz, H-2) and 6.92 (1H, dd, J1 = 8.3 Hz, J> = 2.0 Hz, H-6). The presence of two
protons at 1 6.60 (1H, m) and 6.26 (1H, dt, J1 = 15.9 Hz, J, = 5.2 Hz) also suggested
a trans-olefinic H-7 and H-8 in the compound. The spectrum also showed a singlet
for 3H at on 2.06 (H-11) representing the methyl of an acetate group. This methyl
group showed a direct correlation with the carbon at dc 21.2 in the HMQC spectrum
(Figure 3.3A) and a 2J correlation with a carbonyl carbon at ¢ 170.6 in the HMBC
spectrum (Figure 3.3B, Table 3.2). Therefore, this carbon was assigned to C-10 in
the compound. 2J and 3J correlations were observed between protons at 84 6.60 (H-7)
and 6.26 (H-8) to the carbon at 64.9 ppm which therefore was assigned to C-9. The
other signal at 8¢ 56.1 ppm was assigned to the methoxy carbon attached to C-3 of
the aromatic ring. This carbon signal showed HMQC correlation with the signal at 6n
3.77 in the spectrum (Figure 3.3A). Additionally, in the HMBC spectrum, a 3J
correlation between the signal at o1 3.77 and 6c 151.0 confirmed the assignment of
this carbon signal to C-3. The proton at 5w 7.07 showed 2J and 3J correlation to C-3

and C-4 at 151.0 and 142.5 ppm, respectively.

The HREI-MS data showed pseudo molecular ion [M] — at m/z 301.2014, suggesting
the molecular formula of C12H1407S. On the basis of the above data, TA-1b was
identified as trans-coniferyl-4-O-sulphate-9-acetate. This compound has not been

previously reported.

CH,

HO;S0
o1
TA-1a: R= OH, TA-1b: R= OCCH,4
10

Figure 3.1: Structure of trans-coniferyl alcohol-4-O-sulphate (TA-1la) and trans-
coniferyl acetate-4-O-sulphate (TA-1b).
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Table 3.1: *H (400MHz) and DEPTq-135 (100MHz) data of TA-1a and TA-1b in

DMSO-ds.
TA-la TA-1b
Position on dc on dc
1 - 132.8 - 131.8
2 7.02 (1H,d, J=2.0 Hz) 110.5 | 7.07(1H, d, J = 2.0 Hz) 110.7
3 - 151.0 - 151.0
4 - 142.5 - 142.5
5 739 (1H,d,J=83Hz) | 1213 | 7.42(1H,d,J=8.3 Hz) 121.1
6 6.87 (1H, dd, J1=8.3 118.8 | 6.92 (1H,dd, J1=83Hz, | 119.3
Hz, J.= 2.0 Hz) J>=2.0 Hz)
7 6.48 (1H, dt, J1 = 15.9 129.0 [ 6.60 (1H, m) 133.6
Hz, J,=5.2 Hz)
8 6.30 (1H, dt, J1 = 15.9 129.8 | 6.26 (1H,dt,J1=15.9,J> | 122.8
Hz, J,=5.2 Hz) =5.2 Hz)
9 4.11 (2H, m) 62.0 |4.67(1H,dd,Ji=5.2, J, 64.9
=1.4 Hz)
10 - - - 170.6
11 - - 2.06 (1H, s) 21.2
3-OCHs || 3.76 (3H, s) 56.1 | 3.77 (3H,s) 56.1
9-OH | 4.84 (1H, broad s) - - -
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Table 3.2:

Selected HMBC correlations of TA-1a and TA-1b in DMSO-ds.

TA-la TA-1b
Proton 2y 3y 2J 3J
H-2 C-1,C-3 C+4, C-6, C-7 C-3 C-4, C-6, C-7
H-5 C-4 C-1,C-3 C-4 C-1,C-3
H-6 - C-2,C-4,C-7 - C-2,C4,C-7
H-7 C-8 C-6,C-2,C-9 - C-2,C-6,C-9
H-8 C-7,C-9 C-1 C-9 -
H-9(b) - C-7(b) C-8(b),C-10 C-7(b)
H-11(b) - - C-10(b) i
3-OCH3; - C-3 - C-3
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Figure 3.2A: 'H NMR (400 MHz) and 3.2B: DEPTQ-135 NMR (100 MHz) spectra

of the mixture TA-1a (labelled as a) and TA-1b (labelled as b) in DMSO-ds*.
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Figure 3.3A: HMQC and 3.3B: HMBC spectra (400 MHz) of the mixture TA-la

(labelled as a) and TA-1b (labelled as b) in DMSO-dg*.
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To purify this mixture of TA-la and TA-1b, different separation methods were
carried out. Sephadex column was used with methanol as the eluting solvent and 28
vials (3ml each) were collected. Identical spots were obtained on the TLC plate of all
fractions. Vials 1, 10, 15, 20 and 28 were subjected to *HNMR analysis and the
results indicated the same mixture in the vials. Next, prep. TLC was performed using
different solvent mixtures (10% MeOH: 90% EtOAc, 20% methanol: 80% EtOAc,
30% MeOH: 70% EtOAc) and only one spot appeared on TLC each time. Thirdly, a
Biotage purification system was employed twice using different solvent systems to
isolate the compounds. The first time, 113 fractions were collected and the
absorption spectrum of the mixture showed that there was a separation between the
two compounds (Figure 3.4A). Also, the TLC of these fractions showed two different
spots with different R¢ values (Figure 3.5). The HNMR showed two compounds
together with a different quantity each time. A second Biotage purification was
attempted using a different gradient system (Methods Section 2.5.6). Similarly, the
UV absorption spectrum showed that there were two peaks with different absorptions
(Figure 3.4B) and the *HNMR revealed that there was no separation between the two
compounds. Finally, the REVELERIS® PREP purification system was applied. A
sample of 100mg of the mixture was dissolved in methanol and injected into a Denali
C18 Column 150 x 10mm 5um column and run in the preparative mode. The solvent
system, elute volume, and the flow rate were adjusted automatically (Methods
Section 2.5.7). However, the *H NMR spectra of the fractions obtained showed
minor differences from the original spectrum, therefore, the separation process
should be repeated in the future using different conditions. However, the limited time
prevented this from being carried out. Therefore, if further work is to be carried out

on the mixture, a large quantity of plant material should be used.
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Figure 3.4A&B: Shows Biotage absorption spectra of the mixture TA-la and
TA-1b.

Figure 3.5: TLC of the two peaks resulting from the Biotage purification
system. A 30:70% MeOH/EtOAc mixture was used as a mobile phase. The spots
were visible after spraying with anisaldehyde-H>SOa.
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3.1.2 Characterisation of TA-2 as isoferulic acid-3-O-sulphate

The compound TA-2 (Figure 3.6) was obtained from the methanol extract of the
leaves of T. aphylla using VLC. After spraying with p-anisaldehyde-sulphuric acid
reagent and heating, a yellow spot appeared with R¢ value of 0.49 using 30% MeOH
in EtOAc as the mobile phase on TLC.

The *H NMR spectrum (Figure 3.7A, Table 3.3) revealed a 1, 3, 4-trisubstituted
aromatic ring with the proton signals at o4 7.52 (1H, d, J = 2.0 Hz, H-2), 7.04 (1H, d,
J =8.6 Hz, H-5), and 7.36 (1H, dd, J = 8.6, 2.0 Hz, H-6). The spectrum also showed
the presence of trans-substituted olefinic protons at én 7.48 (1H, d, J = 15.9 Hz) and
6.27(1H, d, J = 15.9 Hz) were assigned to H-7 and H-8 in the compound.

The DEPTQ-135 spectrum (Figure 3.7B, Table 3.3) showed ten carbon atoms made
up of one a methoxy group at 56.1 ppm and six aromatic carbons at 113.3, 122.0,
127.1, 128.1, 140.0, 153.3 ppm (carbons at 153.3 and 140.0 ppm were observed to be
oxygen bearing carbons), and two olefinic carbons at 115.9 and 145.2, and a

carbonyl carbon at 170.0 ppm.

Using 2D NMR (COSY, HMQC and HMBC) the structure of the compound was
elucidated as follows: The long range correlation (HMBC, Figure 3.8B) of the proton
at dn 7.36 (H-6) showed 3J correlation to the carbon at ¢ 153.3 (C-4) while the
proton at 34 7.50 (H-2) showed 2J correlation to 8¢ 140.0 (C-3) in the aromatic ring.
The proton at 8n 7.48 (H-7) had a 3J correlation to 8¢ 171.1 which was assigned as
carboxylic acid carbon C-9. The protons at 6n 6.27 (H-8) and at o 7.04 (H-5)
showed 3J correlations to the carbon at 8¢ 127.1 and was assigned as C-1 in the

aromatic ring.

The HREI-MS data showed pseudo molecular ion [M] — at m/z 273.0332 which
showed that the molecular formula of this compound was CioH1007S. This

compound was previously isolated from the flowers of T. amplexicaulis (El-
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Moussallami et al., 2000) and from T. nilotica (Abouzid et al., 2009). This is the first
report of isoferulic acid-3-O-sulphate from T. aphylla.

0SO,H

Figure 3.6: Structure of isoferulic acid-3-O-sulphate.

Table 3.3: 'H (400MHz), DEPTg-135 (100MHz) and HMBC data of TA-2 in D,O.

HMBC
Position H 3C %3 5
1 - 127.1 | - -
2 7.52 (1H, d, J= 2.0 Hz) 1220 [ C3 C-4,C-2,C-7
3 - 140.0 | - -
4 - 1533 | - -
5 7.04 (1H, d, J = 8.6 Hz) 1133 | C-4 C-1,C-3
6 7.36 (1H,dd, J=86,20 Hz) | 1281 |- C-2,C-4,C-7
7 7.48 (1H, d, J = 15.9 Hz) 1452 | C-8 C-2,C-6,C-9
8 6.27 (1H, d, J = 15.9 Hz) 1159 | C-7,C-9 C-1
9 - 1711 | - -
4-OCHsz | 3.84 (3H,s) 56.1 | - C-4
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Figure 3.7A: 1H (400 MHz) and 3.7B: DEPTQ-135 (100 MHz) NMR spectra of TA-
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3.1.3 Characterisation of TA-3 as 3, 4, 5, 7-tetrahydroxyflavone (Luteolin)

The compound TA-3 (Figure 3.9) was isolated from the methanol extract of T.
aphylla leaves using Sephadex column. After spraying with p-anisaldehyde-sulphuric
acid reagent and heating, a yellow spot appeared with Rs value of 0.60 using 20%
methanol in EtOAc as the mobile phase on TLC.

The 'H NMR spectrum (Figure 3.10A, Table 3.4) showed the protons at 5y 6.19 (1H,
d, J=2.1Hz) and 6.45 (1H, d, J = 2.1 Hz) were for the flavone A-ring as H-6 and H-
8 protons, respectively and a proton singlet at 64 6.69 (1H, s, H-3) of ring C, while
H-2', H-5" and H-6' of ring B appeared at 61 7.43 (1H, dd, J = 8.3, 2.3 Hz), 6.86 (1H,
d,J=8.3Hz)and 7.40 (1H, d, J = 2.3 Hz).

The DEPT(g-135 NMR spectrum (Figure 3.10B, Table 3.4) indicated the presence of
15 carbon atoms including a carbonyl at 6c 181.6 (C-4) and six aromatic CH at
102.8, 99.2, 94.1, 119.0, 116.0 and 113.6 ppm (C-3, C-6, C-8, C-2°, C-5 and C-6",
respectively). Six phenolic carbons were observed at 164.1, 161.4, 163.8, 157.8,
145.7, and 149.6 ppm (C-2, C-5, C-7, C-9, C-3" and C-4) and two quaternary
carbons at 103.6, and 121.4 ppm (C-10 and C-1").

Using 2D NMR (HMQC and HMBC) the compound was confirmed as follows: The

A ring protons at 84 6.19 (H-6) and 31 6.45 (H-8) both showed 3J correlation to the
same quaternary carbon at 6c 103.6 (C-10). The proton at dn 6.45 (H-8) displayed a
2] coupling to a carbons at 5c 163.8(C-7) and 157.8 (C-9). This proton also showed
weak “J correlation to a carbon at 8¢ 181.6 (C-4). The B ring proton at 5y 6.86 (H-5")
showed 3] correlation to the quaternary carbon at ¢ 145.7 (C-3°) and 2J correlation
to the carbon at dc 149.6 (C-4"). The proton at dn 7.43 (H-2") correlated via 3J
coupling to C-4" and C-6". Protons H-2" and H-6" showed 3J correlation to the
carbon C-2 of C ring. Couplings between the -OH in C-5 and its neighbouring
carbons were also detected, including a 3J correlation to C-6 at 8¢ 99.2, C-10 at 8¢
103.6, and a 2J correlation to C-5 (161.4 ppm).
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Protons at 8y 6.69 (H-3) and 6.86 (H-5") displayed 3J correlation to the carbon at 5c
121.4 (C-1") and confirmed the assignment of this carbon signal to the C-1" of the

aromatic ring B.

The HREI-MS data showed pseudo molecular ion [M] * at m/z 287.0549 which
indicated that the molecular formula of this compound was CisHi100e. This
compound was previously isolated from T. aphylla leaves (Mahfoudhi et al., 2014).
The 'H &¥C NMR spectral data are in agreement with those reported earlier
(Boersm et al., 2002) and the structure identified as 37, 4°, 5, 7-tetrahydroxyflavone.

Figure 3.9: Structure of 37, 47, 5, 7-tetrahydroxyflavone.
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Table 3.4: 'H (400MHz) and DEPTg-135 (100MHz) and HMBC data of TA-3 in
DMSO-de.

HMBC
Position H 13C 2] 33
1 - - - -
2 - 164.1 || - -
3 6.69 (1H, s) 1028 || C-4 C-1,C-10
4 - 181.6 | -
5 - 161.4 | -
6 6.19 (1H, d, J = 2.1 Hz) 99.2 | C-5,C-7 || C-8,C-10
7 - 163.8 -
8 6.45 (1H, d, J = 2.1 Hz) 94.1 | C-9,C-7 | C-6 C-10
9 - 157.8 || - -
10 - 103.6 | - -
1 - 121.4 | - -
2 7.43 (1H,dd,J=8.3,2.3Hz) | 119.0 | - C-2,C4°,C-6
3 - 145.7 || - -
4 - 1496 | - -
5 6.86 (1H, d, J = 8.3 Hz) 116.0 | C-4 C-1,C-3
6 7.40 (1H,d, J=2.3 Hz) 113.6 || - C-2,C-2°,C-4
5-OH | 13.0 (1H, s) - |cs C-6, C-10
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3.1.4 Characterisation of TA-4 as N-methyl-4-hydroxyproline

The compound TA-4 (Figure 3.12) was obtained from the methanol extract of T.
aphylla leaves using Sephadex column. It appeared as a yellow spot (R= 0.39) after
spraying with p-anisaldehyde-sulphuric acid reagent and heating, using 30% MeOH
in EtOAc as the mobile phase on TLC.

The *H NMR spectrum (Figure 3.13A, Table 3.5) showed methylene protons at S
2.16 (1H, ddd, J = 14.2, 7.5, 2.0 Hz, H-3a), 2.40 (1H, ddt, J = 14.2, 7.5, 2.0 Hz, H-
3b) and 3.12 (1H, m, H-5a), 3.88 (1H, dd, J=13.0, 4.6 Hz, H-5b) and a proton singlet
at on 2.95 (3H, s) for a methyl group. While H-2 and H-4 appeared at 61 4.12 (1H,
dd, J=11.1, 7.5 Hz) and 4.55 (1H, tt, J = 4.6, 2.0 Hz), respectively.

The DEPTQg-135 NMR spectrum (Figure 3.13B) indicated the presence of six carbon
atoms including a methyl carbon (C-6) at éc 42.8 and a carboxylic acid at éc 172.4
(C-7). Two deshielded methine carbons were been observed at 6¢ 69.5, and 69.0 (C-2
& C-4) and two methylene carbons (C-3 and C-5) at 6c 37.7 and 62.2, respectively.

In the HMBC spectrum (Figure 3.14B, Table 3.5), the proton at éu 4.12 (H-2)
showed 2J correlations to carbons at §c 37.7 (C-3) and 172.4 (C-7), respectively and
3J coupling to & 42.8 (C-6). Protons H-3b and H-5a are correlated via %J couplings to
the carbon at 8¢ 69.0 (C-4). Other important correlations observed were for the
proton signal at 8y 2.95 (H-6) which showed >J correlations to the methine carbon at
d¢ 69.5 (C-2) and methylene carbon at 6c 62.2 (C-5). This further confirming the N-

methyl group is at position 1.

The HREI-MS data showed pseudo molecular ion [M] * at m/z 146.0811 which
showed that the molecular formula of this compound was CeH1:03N. This compound
has been previously isolated from a dichloromethane extract of Trichilia lepidota
leaves (Pupo et al., 2002). The data were in agreement with those reported earlier
(Sciuto et al., 1983) and led to the identification of TA-4 as N-methyl-4-
hydroxyproline. This is the first report of this compound from T. aphylla.
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Figure 3.12: Structure of N-methyl-4-hydroxyproline.

Table 3.5: 'H (400MHz) and DEPTq-135 (100MHz) and HMBC data of TA-4 in
D-0.

HMBC
Position H 13C 2] 33
1 - - - -
2 412 (1H,dd,J=11.1,7.5Hz) 695 [ C-3,C-7 | C-6
3 2.16 (1H, ddd, J=14.2,7.5,2.0 37.7 | C-2 C-7
Hz, H-3a)
2.40 (1H, ddt,J=14.2,7.5,2.0 C-2,C4 | C-5
Hz, H-3b)
4 | 455(1H, tt, J= 4.6, 2.0 H2) 69.0 |C-5 C-2
3.12 (1H, m, H-5a) 62.2 |C-4 C-2,C-3,C-6
3.88 (1H, dd, J =13.0, 4.6 Hz, H- - C-3,C-6
5b)
6 2.95 (3H, s) 428 |- C-5,C-2
7 - 172.4 | - -
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Figure 3.13A: H (400 MHz) and 3.13B: *C (100 MHz) NMR spectra of TA-4 in
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3.2 Fractionation of Astragalus spinosus crude extracts

A. spinosus methanol extract (269, 6.5%) was divided into two parts for further
fractionation. A VLC column was used to fractionate the first part of the extract
(249). The 'HNMR enabled elucidation of a compound, coded AS-1 (18mg, 0.07%).
The second part of the extract (2g) was subjected to further fractionation using
Sephadex column as described before and lead to the isolation of two compounds
AS-2 (24mg, 1.20%) and AS-3 (31mg, 1.55%). Fractionation of the EtOAc extract
(6g, 1.50%) of A. spinosus led to identification of one compound named AS-4
(13mg, 0.21%). No compounds were separated from the fractionation of A. spinosus
hexane extract using CC and the *H NMR spectrum of this crude showed signals

indicating a mixture of fats.
3.2.1 Characterisation of AS-1 as 3-O-methyl-inositol (Pinitol)

The compound AS-1 (Figure 3.15) was obtained from the methanol extract of A.
spinosus leaves using VLC. After spraying with p-anisaldehyde-sulphuric acid
reagent and heating, a purple spot appeared with R¢ of 0.66 using 30% MeOH in
EtOAc as the mobile phase on TLC.

The *H NMR spectrum (Figure 3.16A, Table 3.6) had proton signals between 3.0 and
3.63 ppm. The proton at 6+ 3.0 was assigned to H-3, the methoxy group at 61 3.44
(3H, s, 3-OCHj) integrated for 3H, while five protons at &4 3.44, 3.35, 3.50, 3.63 and
3.63 were attributed to H-1, H-2, H-4, H-5 and H-6, respectively.

The 1C spectrum (Figure 3.16B, Table 3.6) showed seven carbon atoms at dc 60.2
(OCHg), 715 (C-1), 73.2 (C-2), 84.4 (C-3), 70.6 (C-4), 73.0 (C-5), 72.5 (C-6).

Using 2D NMR (COSY, HMQC and HMBC), the structure of the compound was
elucidated as follows: The long range correlation (HMBC, Figure: 3.17B) for the
proton at & 3.00 (H-3) showed 2J correlation to the carbons at 3¢ 70.6 (C-4), 5c 73.2
(C-2) and a 3J correlation to the carbon 3-OCHs. The methyl protons 3-OCH3 and
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the proton H-1 showed 3J correlation to the carbon at 5¢c 84.3 and was assigned as C-
3.

The HREI-MS data showed pseudo molecular ion [M] * at m/z 195.0878 which
revealed that the molecular formula of this compound was C7H1406. The H &C
NMR spectral data are in agreement, even though the data were obtained in different
NMR solvents, with those reported earlier (Raya-Gonzalez et al., 2008). This
compound was previously isolated from different plant families such as Asteraceae,
Caryophyllaceae, Leguminosae, Pinaceae, Sapindaceae, and Zygophyllaceae

(Poongothai and Sripathi, 2013). This is the first report of pinitol from A. spinosus.

3
H3CO“HII|..

HO

=)}

S
4 S
H

Tl
Ol
T

Figure 3.15: Structure of pinitol.
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Table 3.6: 'H (400MHz), DEPTg-135 (100MHz) and HMBC data of AS-1 in
DMSO-de.
HMBC
Position H 13C 23 33
1 3.42 (1H, s) 715 |- C-3
2 3.35 (1H,dt, J = 16.1 Hz) 73.2 - -
3 3.0(1H,t,J=9.3 Hz) 84.4 C-2,C4 3-OCH3
4 3.50 (1H, brm, J = 3.5 Hz) 706 |- -
5 3.63(1H,d,J=2.2 Hz) 73.0 - -
6 3.63(1H,d,J=2.2 Hz) 72.5 - -
1-OH [ 4.35 (1H, brd, J = 5.3 Hz) - - -
2-OH || 4.52 (1H, d, J=4.6 Hz) - - -
4-OH [ 4.48 (1H,d,J=6.4 Hz) - - -
5-OH | 4.64 (1H, s) - - -
6-OH | 4.73 (1H,5s) - - -
3-OCHs | 3.44 (3H, s) 60.2 - C-3
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Figure 3.16A: 'H (400 MHz) and 3.16B: 3C (100 MHz NMR spectra of AS-1 in
DMSO-ds*.
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3.2.2 Characterisation of AS-2 as Cycloastragenol

The compound AS-2 (Figure 3.18) was obtained from the methanol extract of A.
spinosus leaves using Sephadex column. After spraying with p-anisaldehyde-
sulphuric acid reagent and heating, a purple spot was obtained with Ry value of 0.61
using 100% EtOAc as the mobile phase on TLC (Methods Section 2.5.1).

The 'H NMR spectrum (Figure 3.19A, Table 3.7) showed signals due to a
cyclopropane methylene at 4 0.40 and 0.54 (1 H each, d, J = 4.5 Hz) and methylene
signals at H-1, H-2, H-7, H-11, H-12, H-15, H-22 and H-23. Seven methyls at on
1.25 (H-21), 1.32 (H-18 & H-27), 1.17 (H-26), 1.28 (H-28), 0.99 (H-29) and 0.97
(H-30) and seven methines at on 3.33 (1H, m, H-3), 1.38 (1H, m, H-5), 3.55 (1H, m,
H-6), 1.81 (1H, m, H-8), 4.70 (1H, m, H-16), 2.35 (1H, d, J = 7.9 Hz, H-17), 3.78
(1H,t,J = 7.3 Hz, H-24).

The DEPT(Q-135 NMR spectrum (Figure 3.19B, Table 3.7) displayed 30 carbon
signals; seven attributable to methyls at 6c 21.5 (C-18), 27.7 (C-21), 26.4 (C-26),
27.8 (C-27), 28.2 (C-28), 15.3 (C-29), 20.0 (C-30). Nine methylene signals at 32.1,
30.3, 37.9, 26.2, 33.0, 46.5, 31.5, 34.4, 25.6 ppm and seven signals were assigned to
the methine carbons including three carbon bearing oxygen at 78.3, 69.2, and 73.4
ppm (C-3, C-6, C-16, respectively). Seven quaternary carbons were observed at 41.5,
20.7,29.4, 45.0, 47.9,87.1 and 71.8 ppm.

In the HMBC (Figure 3.20B), the geminal methyls at 1.28 and 0.99 ppm (H-28 & H-
29) showed 2J correlations to carbon at 41.5 ppm (C-4) and to 3J correlations to each
other and to the oxymethine carbon at 78.3 ppm (C-3), indicating C-3 as the position
of attachment of the hydroxyl group while both germinal methyls at H-26 (1.17 ppm)
and H-27 (1.32 ppm) had 2J couplings to C-25 (71.8 ppm). Furthermore, the
cyclopropane methylene doublets at C-19 showed 2J correlations to C-9 at 20.7 ppm
and 3J correlations to two methylene carbons at 32.1 (C-1) and 26.2 ppm (C-11). The
proton H-5 showed 2J correlation to the oxymethine at 69.2 ppm establishing the

hydroxyl group to be at C-6.
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The HREI-MS data showed pseudo molecular ion [M] * at m/z 491.3729 suggesting
the molecular formula of CzoHs00s. Thus, AS-2 was identified as cycloastragenol.
This compound has previously been reported from the aerial parts of A. spinosus
(Abdallah et al., 1993) and all spectral data were in agreement with those previously
reported (Nartop et al., 2014).

3.2.3 Characterisation of AS-3 as cycloastragenol 6-O-glucoside (Brachyoside B)

The compound AS-3 (Figure 3.18) was obtained from the methanol extract of A.
spinosus leaves using Sephadex column. After spraying with p-anisaldehyde-
sulphuric acid reagent and heating, a purple spot was observed with R¢ value of 0.44
using 100% EtOAc as the mobile phase on TLC.

The 'H and DEPTQ-135 NMR spectra for the compound AS-3 (Figure 3.19 A&B)
followed a similar pattern to that of AS-2 except for the presence of a sugar moiety
instead of a hydroxyl group at C-6. The *H NMR spectrum (Figure 3.19A, Table 3.7)
revealed a doublet at o4 4.42 (1H, J = 7.7 Hz, H-1") was assigned to the anomeric
proton of the sugar, three oxymethines at oy 3.37 (1H, m, H-3°), 3.37 (1H, m, H-4"),
3.32 (1H, m, H-5") and an oxymethylene group at o 3.84 (1H, d, J1=11.4 Hz, J,=
4.1Hz) and 3.66 (1H, m, H-6").

The *C NMR spectrum (Figure 3.19B, Table 3.7) confirmed the presence of 36
carbon atoms including an anomeric carbon at ¢ 103.8 (C-1"), four oxymethines at
dc 74.5 (C-2), 77.6 (C-3°), 71.1 (C-4"), 76.2 (C-57) and an oxymethylene at d¢c 62.4
(C-6") was assigned to the glucose unit. The carbon resonance attributed to C-6 (78.6
ppm) was deshielded by 9.4 ppm, in comparison with those of cycloastragenol,

suggesting that C-6 was the site of glycosylation.

The attachment of the glucose moiety at C-6 of the aglycone was further confirmed
from the HMBC correlations (Figure 3.21B). The anomeric proton at du 4.42 (H-1")
showed 3J correlation to the oxygen-bearing carbon at 8¢ 78.6 (C-6), indicating its

connectivity to that carbon at C-6 of the aglycone. Also, proton H-5" showed 3J
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correlation to H-1" and proton H-3" displayed 2/ correlation to H-4".Major HMBC
correlations is given in Figure 3.23.

The HREI-MS data showed pseudo molecular ion [M] * at m/z 653.4259 suggesting
the molecular formula of CssHeoO10. The mass spectrum supported the above data
since the molecular weight of AS-3 was found to be 162 units higher than AS-2. This
unit was identified to be a glucose moiety with the help of its COSY and HMBC
data. Thus, all the above information led to the conclusion that AS-3 was
cycloastragenol-6-O-glucoside. This compound has previously been reported from
the aerial parts of A. spinosus (Abdallah et al., 1993) and the roots of A. brachypterus
and all spectral data were in agreement with those previously reported (Bedir et al.,
1998).

=3I

=]

HO

1 5 6_OH
0
AS-2: R=H, AS-3: R= MH

» 3 OH4

Figure 3.18: Structure of cycloastragenol (AS-2) and cycloastragenol 6-O-glucoside
(AS-3).
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Table 3.7: 'H (400MHz) and DEPTg-135 (100MHz) data of SA-2 (CDCl3) and SA-3
(Acetone-ds).

Position AS-2 AS-3
OH oc OH oc
1 1.28 (2H,d,J=15Hz) || 32.1 | 1.27 (1H,s) 31.8
1.60 (1H, m)
2 1.63 (1H, m) 30.3 || 1.60 (1H, m) 30.3
1.81 (1H, m) 1.70 (1H, m)
3 3.33 (1H, m) 78.3 || 3.22 (1H, m) 77.6
4 - 415 | - 415
5 1.38 (1H, m) 53.7 || 1.60 (1H, m) 51.8
6 3.55 (1H, m) 69.2 || 3.56 (1H, s) 78.6
7 1.38 (1H, m) 37.9 | 1.60 (1H, m) 34.0
1.52 (1H, s) 1.90 (1H, m)
8 1.81 (1H, m) 47.0 [ 1.88 (1H,dd, J1=11.7 Hz, J| 454
=4.1 Hz)
9 - 20.7 | - 20.8
10 - 29.4 | - 29.0
11 2.01(2H, m) 26.2 | 1.90 (1H, m) 25.8
1.38 (1H, m)
12 1.63 (1H, m) 33.0 || 1.60 (1H, m) 33.0
1.75 (1H, s) 1.70 (1H, m)
13 - 450 | - 44.6
14 - 479 | - 45.7
15 1.47 (1H, m) 46.5 | 1.38 (1H, m) 45.4
2.01 (1H, m) 2.00 (1H, m)
16 4.70 (1H, m) 73.4 | 4.64 (1H, m) 72.9
17 2.35(1H,d,J=7.9Hz) || 57.5 | 2.33 (1H, d, J=7.7 HZz) 57.8
18 1.32 (3H, s) 21.5 || 1.27 (3H, s) 20.3
19 0.40 (1H,d,J=45Hz) | 31.5 ||0.27 (1H, d, J =4.4 Hz) 27.8
0.54 (1H, d, J = 4.5 Hz) 0.60 (1H, d, J = 4.4 Hz)
20 - 87.1 | - 86.7
21 1.25 (3H, s) 27.7 || 1.26 (3H, s) 27.5
22 258 (1H,t,J=95Hz) | 34.4 | 2.71 (1H, g, J =10.6 Hz) 34.2
1.65 (1H, t, J =5.5 Hz) 1.60 (1H, m)
23 2.01 (1H, m) 25.6 || 2.00 (2H, m) 25.5
2.15 (1H, m)
24 3.78 (1H,t,J=7.3Hz) | 81.4 | 3.75(1H, dd, J;=85Hz, J.=|80.9
6.0 Hz)
25 - 718 | - 71.0
26 1.17 (3H, s) 26.4 | 1.14 (3H, s) 26.1
27 1.32 (3H, s) 27.8 | 1.27 (3H,s) 26.9
28 1.28 (3H, s) 28.2 | 1.19 (3H, s) 27.5
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Table 3.7: (continued).

29 [0.99 (3H, 5) 15.3 [0.96 (3H, s) 15.0
30 | 0.97 (3H, s) 20.0 | 1.01 (3H, s) 19.3
T 442 (1H, d, J=7.7 H2) 103.8
2 3.22 (1H, m) 745
3 3.37 (1H, m) 776
n 3.37 (1H, m) 71.1
5 3.32 (1H, m) 76.2
6 3.84 (1H, d, J:= 11.4 Hz, 62.4

J=4.1 Hz)

3.66 (1H, m)

114




Mlmo.e
%vm.—
L

0.6

T
1.2 1.0

1.4

1.6

2.0

2.4

2.6
f1 (ppm)

T
2.8

3.6

3.8

sl
A
€907
wo
e
A
612
ooz
e
ﬁ_ak
LI
AN
6€°1€

IS'1E
80°Z¢
81¢

662¢
9€'pE
(443
wiLe

06'LE
6Ly
L0'Sk~,
00'9p~
Lo
pO'LY
Sty
8Ly

L9Es—

8pLs—

st69”
P8'lL~
SEELA

61-0

4k
w

LD

6C")
0£-D
81D

92-0
170

8D
pI-D

50}

L=

9-J

91-)

50

1 (ppm)

15

20

25

30

35

a0

4s

S

5

)

70

75

85

Figure 3.19A: H (400 MHz) and 3.19B: DEPTQ-135 (100 MHz) NMR spectra of

AS-2in CDCIs".

115



T

Lo LINE
il

PEN

bt g
i

i

= H-16

C-16

T T T T T T T T T T T T T T T T T T T T T T T T T T
52 5.0 48 46 44 42 40 3.8 36 34 32 30 24?2 26 24 22 20 18 16 14 12 1.0 08 06 04 02
m,

* " MMJM

6{ 28/C- 29

H-17/C-18§ 0 oo B o W ELTOMCLS
I s i ;
mavea VN gy w«ﬁ’ 1 el
o0 9 20/C-28 |
H17/C22f = o 0 H-19/C-1
H-28§ 5
H-16/C-13 0, Ou201c4
% H-17/C-13 § 09 %2.1_/CA§Q.E H-3=0/C,-l$
ks B,
H-28/C-5
0 ¢ @ gH-29/C-5
Bu21/0-17
0
S ICS .
R R i ° -,_g@ @g°H-26/C-25
H-17/C-169 o
H-28/C- BOJ fH-20/C3
‘ &;H 26/C-24
H-22/C-200 @ e 0 Y
H-17/C-20 H-21/C-20

40

50

60

90

& T T T ™ T T T T T T T ™ T T T — T T T T T T T T T T
50 48 46 44 42 40 38 36 34 32 3.0 28 2.6'2 %’.4 )2,2 20 1.8 16 14 1.2 1.0 08 06 04 02 0.0 -0.2
ppm

Figure 3.20A: HMQC and 3.20B: HMBC (400 MHz, CDCIs*) spectra of AS-2.

116



H-19

Fan

E6l0

as

T
0.6

T

1.2

0.2

04

0.8

1.0

3.6 3.4 3.2 3.0 2.8 2.6 24 2.2 2.0 18 1.6 1.4
f1 (ppm)

38

86'Pl—

2661
0T~
woz’
§5'sT

08'S7~\
€l _SA

£s'12]
9wz
61'62
Lz0g
£8'1¢
862¢
20hE
€7vE
iy
£9'pp /]
2,9\
pb'Sh
sLis—

LLs”
65~
0PT9~\

08¢0l —

a0
€10
S1-D

§T-0

0¢-0
81-D

LT-D

8-0

T
60
f1 (ppm)

H (400 MHz) and 3.21B

T
100

T
105

In

13C (100 MHz) NMR spectra of AS-3

Figure 3.21A
Acetone-ds".

117



;g Se| =i 2
o E| = :
H-16 o l‘ * -~ H-19
/“
- —— 20
2 p—_ C-26
- : : CES oy RS o Lo
— c-22 ; . SN [
— ' ° > za)’&‘-@
- . c.s 40
—— ' ¢ 1‘ @ &
. ’ §;1.§ © c-5 [
Cc-17 §
== C6e '@
el o a” L60
o ©
Cc-4
— C-16 2 = 70
% = N ‘\:\'5‘\ o2
i 86@ “3¥C-3 80
= C-24 = 4
— & »
90
c-r 100
p— ® '
ri10

T T T T T T T T T T T T T T T T T T T T T T T T T T 1
50 48 46 44 4.2 4.0 38 36 34 3.2 30 28 2.f62 (ZA ) 22 20 18 16 14 12 10 08 06 04 02 0.0 -02
PP,

20
r30
40

-100
r110
r120
F130
140
150
160

F170

© F180

190

r200

L_A:JL\AJUKIJUA
/S |
: H-5/C20 o o .
H-17/C-l8lo GBP e e B Q9 ° H-19/C-9
H22C21 < @6, o 4 o @@ 29C28 EH19/C-11
H-17/C-220 ’ - 20/c.4  H-19/C-1
H-16/C-13 - @ 3 o :
) H-17/C-139© @ o o } - H-19/C-8
y _ - :; H20/c s H-19/C-5
H-24/C-25 H-3'/C-4 H-17/C-16 :
H-1¥C-6 = - s =99
e o bt o © H-29/C-
i . o C CusBics e HFCE?
= = o) : 6" b
_TE s :
= ©  H-22/C-20
<2
gt
4.’8 4:6 4:4 4:2 .’D 3.‘8 3.'6 3:4 3.'2 3.‘0 218 2.‘6 2:4 2:2 2.I l.’8 1:6 1.’4 l:Z 120 0:8 016 0:4 0.’2 D:O -0'.2
2 (ppm)
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Figure 3.23: Key COSY ( =) and HMBC (———~) correlations observed in AS-
2 (aglycone) and AS-3.
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3.2.4 Characterisation of AS-4 as maackiain (Inermine)

The compound AS-4 (Figure 3.24) was obtained from the ethyl acetate extract of A.
spinosus leaves using CC (Methods Section 2.5.4). Using 100% EtOAc as the mobile
phase for TLC, the compound appeared as a brown spot (Rs= 0.74) after spraying

with p-anisaldehyde sulphuric acid reagent and heating.

The *H NMR (Figure 3.25A, Table 3.8) spectrum revealed characteristic signals
belonging to a pterocarpan skeleton; the protons at on 5.49 (1H, d, J = 6.9 Hz, H-
11a), 4.24/3.67 (1H each, dd, J = 11.2, 5.0 Hz, H-6) and 3.50 (1H, ddd, J = 11.2,
6.9, 5.0 Hz, H-6a). The *H NMR also showed an aromatic ABX spin system for the
ring D with a set of doublets at 61 7.39 (1H, d, J = 8.4 Hz, H-1) and 6.44 (1H, d, J =
2.5 Hz, H-4) and a doublet of doublets at on 6.57 (1H, J = 8.4, 2.5 Hz, H-2). The
signals at 84 6.74 (1H, brs, H-7), 6.46 (1H, brs, H-10) and 5.92,5.94 (2x d,J=1.4

Hz, H-12) were assigned to a methylenedioxy moiety in the ring A.

The DEPTQg-135 NMR spectrum (Figure 3.25B) showed 16 carbon atom signals
including seven methines at 132.1, 109.8, 103.7, 40.2, 104.7, 93.8 and 78.5 ppm (C-
1, C-2, C-4, C-6a, C-7, C-10 and C-11a, respectively). Seven quaternary carbons
were observed at 157.0, 156.5, 117.9, 141.5, 147.9, 154.3, and 112.7 ppm (C-3, C-
4a, C-6b, C-8, C-9, C-10a and C-11b), and two signals were assigned to the
methylene carbons at dc 66.5 (C-6) and 101.1 (C-12).

Using 2D NMR (COSY, HMQC and HMBC) the compound was characterised as
follows: The long range correlations 3J (Figure 3.26B) of H-12 to the quaternary
carbons at d¢c 141.5 and 147.9 indicated they were C-8 and C-9, respectively, while
the proton at 8 6.74 (H-7) had a 2J correlation to C-8 and 3J correlation to C-9. The
doublets at 8y 6.57 (H-2) and 6.44 (H-4) showed a 3J correlation to the carbon at
112.7 ppm and was assigned C-11b. The protons H-2 and H-4 revealed 2J

correlations to the quaternary carbon at 6¢ 157.0 which was assigned as C-3.
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The HREI-MS data showed pseudo molecular ion [M] * at m/z 285.1203 which
showed that the molecular formula of this compound was C16H120s. This compound
has been previously isolated from the roots of Sophora flavescens (Park et al, 2003).

This is the first report of maackiain from A. spinosus.

Figure 3.24: Structure of maackiain.
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Table 3.8: 'H (400MHz), DEPTg-135 (100MHz) and HMBC data of AS-4 in CDCls,

HMBC
Position H 13C 23 33
1 7.39 (1H, d, J = 8.4 Hz) 132.1 [ - C-11a, C-3,C-4a
2 6.57 (1H, dd, J=8.4, 2.5 Hz) 109.8 || C-3 C-4,C-11b
3 - 157.0 | - -
4 6.44 (1H, d, J = 2.5 Hz) 103.7 | C-3,C-4a | C-2, C-11b
da - 156.5 | - -
6 4.24 (1H,dd, J=11.2,5.0 Hz) 66.5 || C-6a C-11a, C-4a
3.67 (1H, dd, J=11.2,5.0 Hz) - C-11a
6a 3.50 (1H, ddd, J=11.2,6.9,5.0 | 40.2 | C-6b -
Hz)
6b - 1179 | - -
7 6.74 (1H, brs) 104.7 || C-8 C-9,C-6a,C-10a
8 - 1415 | - -
9 - 147.9 | - -
10 | 6.46 (1H, brs) 938 | C-9C- |C-6b,C8
10a
10a - 154.3 | - -
1la 5.49 (1H, d, J = 6.9 Hz) 785 | C-11b C-1,C-6, C-4a
11b - 112.7 | - -
12 [5.92,5.94 (2xd, J = 1.4 Hz) 101.3 | - C-8,C9

122



H-12
* <
5 =<
0 = B
fa o1 ol =
" T H-1la
1"
H-6
\ wm H-6a
|
. | M M LM
L PN A I i i
5 § ® 33 g 2
74 7.2 7.0 6.8 6.6 6.4 6.2 6.0 58 5.6 54 5.0 4.8 4.6 44 4.2 4.0 38 3.6 34
f1 (ppm)

Dl o M) £ < — w n = =~ 00
S <z - =N e~ ~va 2 ba) 2 o
o 3 — 3 K 3 =
2&83 S a e o8 28s o % S S
nan -3 0 = =me Eag o Z b3 =
N2 | | | §i & o W llr 2 | \ |
*
C-6
C-6a

T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40

T T T T T T T T T T T T
(60 155 150 145 140 135 130 125 120 115 110 105

100 95
f1 (ppm)

Figure 3.25A: 1H (400 MHz) and 3.25B: DEPT(-135 (100 MHz) NMR spectra of
AS-4 in CDCls*.

123




H-1

H-6

i

@»C-6a

°

&

40

60

r100

110

120

130

80 78 76 74 72

1L

T T T T T
70 68 6.6 64 6.2 6.0

f2 (ppm)

LA

H-1/C-11a
(=0

H-2/C-4 &

H-7/C-80
H-7/C-98

H-1/C-3 @
3 @  H-7/C-10a *°

H—7&/C—6a &

“H-6/C-6a *'

H-11aC's @

H-6/C-11a
] @

13

H-4/C-2

y ¢ H-4/C ‘
1 H-2/C 116 ¢ SH-4/C-11b 2 ’

0 H-10/C-6b

o

@ H-12/C-8
9H-10/C-9 *'H-12/C-9

_H-10/C-8
'0

H-6/C-4a *
-
e

bracs ¢ H-112/C-4a

T T T
58 56 5S4 52 50 48 46 44 42 40 38 36 34 32 30

b

F40

50

60

F70

+90

100

r110

120

ri30

r140

150

160

T T T T T T T T T T

86 84 82 80 78 76 74

T T T T T T T T T T T T T T T T

PPM,

Figure 3.26 A: HMQC and 3.26B: HMBC (400 MHz, CDCIs*) spectra of AS-4.

124

T
72 70 68 66 64 6.2 60 58 56 54 52 50 48 46 44 42 40 38 3.6 34

1 (opm)



3.3 Fractionation of Citrallus colocynthis Extracts

CC was used to fractionate the hexane (7.6g, 1.68%), the EtOAc (89, 1.77%) and the
methanol extracts (13g, 2.88% w/w) of C. colocynthis. The fractions collected were
assessed using NMR and enabled elucidation of the structure of one compound
designated CC-1 (23mg, 0.28%) from the EtOAc extract. The same compound CC-1
(7.3mg, 0.05%) was also isolated from the methanol extract along with another
compound coded CC-2 (3g, 23.07%). Compound CC-2 was further purified using
Sephadex column. No single compound was obtained from the fractionation of the

hexane extract of C. colocynthis.
3.3.1 Characterisation of CC-1 as Cucurbitacin E (Elaterin)

The compound CC-1 (Figure 3.27) was isolated from the EtOAc and from the early
fractions of the methanol extract of C. colocynthis. It appeared as a yellow spot (Rf =
0.70) after spraying with anisaldehyde-sulphuric acid reagent followed by heating.
EtOAc was used as the mobile phase for the TLC.

The 'H NMR spectrum (Figure 3.29A, Table 3.9) indicated the presence of an
olefinic proton at du 5.83 (1H, m, H-6) and nine methyl singlets at éu 0.96 (3H, d,
J=1.8 Hz, H-18), 0.98 (3H, s, H-19), 1.43 (3H, s, H-21), 1.57 (3H, s, H-26), 1.54
(3H, s, H-27), 1.32 (3H, s, H-28), 1.27 (3H, s, H-29), 1.49 (3H, 4, J= 1.1Hz, H-30),
and 1.98 (3H, s, COCHz3). The downfield shift of the latter methyl indicated it to be

part of an acetyl group.

The DEPT(Q-135 NMR spectrum (Figure 3.29B, Table 3.9) showed a total of 32
carbon atoms made up of nine methyl carbons at dc 19.6 (C-18), 19.4 (C-19), 24.1
(C-21), 25.5 (C-26), 26.1 (C-27), 19.8 (C-28), 27.3 (C-29), 17.7 (C-30), and 21.0
(COCHa). Eleven quaternary carbons were identified including four carbonyl
carbons at C-3, C-11, C-22 and COCH3s were detected at 198.0, 212.6, 202.5, and
169.1 ppm, respectively. Three methylene carbons were observed at 6c 23.4 (C-7),
48.7 (C-12), 45.8 (C-15). Nine methine carbon signals at é¢ (C-1, C-6, C-8, C-10, C-
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16, C-17, C-20, C-23 and C-24) were also obtained. The major HMBC (Figure

3.30B) correlations are summarised in Table 3.10.

The HREI-MS data showed pseudo molecular ion [M] — at m/z 555.0210 was
observed suggesting the molecular formula of C32H440g. On the basis of these results
and by comparison with previously published data (Seger et al., 2005), CC-1 was

identified as cucurbitacin E (elaterin).
3.3.2 Characterisation of CC-2 as Cucurbitacin E-2-O-p-D-glucoside

The compound CC-2 (Figure 3.27) was obtained from the methanol extract of C.
colocynthis. After spraying with p-anisaldehyde-sulphuric acid reagent and heating, a
brown spot (Rf= 0.32) appeared on the TLC. A 100% EtOAc was used as a mobile
phase on TLC.

The 'H and DEPTQg-135 NMR spectra (Figure 3.31A and B, Table 3.9) for the
compound were identical to CC-1 except for the presence of a glucose moiety instead
of hydroxyl group at C-2. The proton spectrum with the aid of a COSY experiment,
suggested the presence of a sugar molecule with an anomeric proton at 1 4.70 (1H,
d, J = 7.8 Hz, H-1"), methine protons at 4 3.50 (1H, d, J = 2.7 Hz, H-3"), 3.40 (1H,
m, H-4%), 3.53 (1H, s, H-5) and an methylene proton at 61 3.84, 3.98 (1H, dd, J; =
11.8 Hz, J2=2.7 Hz, H-6").

The BC NMR spectrum (Figure 3.31B, Table 3.9) confirmed the presence of 38
carbon atoms. The anomeric carbon signal was obtained at 8¢ 100.1 (1°), four
oxymethines at 6c 72.9 (2°), 76.7 (3°), 77.0 (4°), 69.6 (5°) and an oxymethylene at d¢
61.4 (6°) and these were assigned to the sugar unit. The glycosylation site in CC-2
was identified by HMBC correlations (Figure 3.32B) as the anomeric proton at ou
4.70 (H-1") showed >J coupling to the quaternary oxygen-bearing carbon at 5c 145.4
(C-2), indicating a glycosidic linkage through oxygen to the carbon at position 2 of

the aglycone.
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The HREI-MS data showed pseudo molecular ion [M] * at m/z 719.3257 suggesting
the molecular formula of CssHs4013. The mass spectrum supported the above data
since the molecular weight of CC-2 was found to be 162 units higher than CC-1.
This extra fragment must be the attached glucose moiety. Thus, CC-2 was identified
as cucurbitacin-E-2-O-B-D-glucoside. The NMR spectra were in agreement with
literature reports and the compound has previously been reported from C. colocynthis
(Hatam et al., 1989).
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CC-1: R=H, CC-2: R= 1O°%
HO

Figure 3.27: Structure of cucurbitacin E (CC-1) and cucurbitacin E -2-O-p-D-
glucoside (CC-2).

Figure 3.28: Key COSY ( mmmmmmm) and HMBC (———~) correlations observed in CC-
1(aglycone) and CC-2
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Table 3.9: 'H (400MHz) and DEPTq-135 (100MHz) data of CC-1 (CDCIs) and CC-

2 (Acetone-ds).

CC-1 CC-2
Position OH oc oH oc
1 5.78 (1H,dd, J1=2.8 114.8 6.11(1H,d, J=2.7 124.0
Hz) Hz)
2 - 145.2 - 145.4
3 - 198.0 - 197.5
4 - 49.0 - 48.7
5 - 137.1 - 136.0
6 5.83 (1H, m) 120.5 5.84 (1H, dt, J1=5.1 | 121.0
Hz, Jo=2.5Hz)
7 2.41 (1H, ddt) 23.4 2.40 (1H, m) 23.2
2.08 (1H, s) 2.09 (1H, m)
8 2.08 (1H, s) 41.7 2.09 (1H, m) 41.5
9 - 48.9 - 49.1
10 3.67 (1H,d,J1 =2.6 34.4 3.72 (1H,t, =27 35.2
Hz) Hz)
11 - 212.6 - 213.8
12 257 (1H,d,J=14.6 48.7 2.60 (1H,d,J=14.7 | 48.7
Hz) Hz)
3.40 (1H, dd, J1=14.6 3.40 (1H, m)
Hz, J>=1.5Hz)
13 - 50.4 - 50.3
14 - 48.0 - 48.0
15 1.50 (1H, s) 45.8 150 (1H,d,J=11 | 4538
1.89 (1H, m) Hz)
1.90 (1H, m)
16 4.52 (1H, s) 70.5 455(H,d,J=71 |[704
Hz)
17 2.69 (1H,d,J=7.1Hz) | 58.1 2.67 (1H,d,J=7.1 | 58.1
Hz)
18 0.96 (3H, s) 19.6 0.95 (3H, s) 19.5
19 0.98 (3H, s) 19.4 0.99 (3H, s) 19.7
20 - 78.6 - 78.6
21 1.43 (3H, s) 24.1 1.43 (3H, s) 24.2
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Table 3.9:

(continued).

22 - 202.5 - 202.5
23 6.84 (1H,d,J=158 | 1214 6.83 (1H,d,J=158 | 121.3
Hz) Hz)
24 7.01(1H,d,J=15.8 150.1 7.00 (1H,d,J=15.8 150.1
Hz) Hz)
25 - 79.2 - 79.2
26 1.57 (3H, s) 25.5 1.57 (3H, s) 25.5
27 1.54 (3H, s) 26.1 1.53 (3H, s) 26.1
28 1.32 (3H, s) 19.8 1.28 (3H, s) 19.9
29 1.27 (3H, s) 27.3 1.28 (3H, s) 26.9
30 1.49 (3H, s) 17.7 1.48 (3H, s) 17.6
i - - 470 (1H,d,J=7.8 100.1
Hz)
2 - - 3.33(1H,s) 72.9
3 - - 3.50 (1H,d,J=2.7 76.7
Hz)
4 - - 3.40 (1H, m) 77.0
5 - - 3.53 (1H, s) 69.6
6 - - 3.84 (1H, m) 61.4
3.98 (1H, dd, J1=11.8
Hz, J.=2.7 Hz)
2-OH 6.97 - - -
COCHs | - 169.1 - 169.4
COCHs [ 1.98(3H,5s) 21.0 1.98 (3H, S) 21.0
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Table 3.10: Selected HMBC correlations of CC-2 in CDClI3".

Proton Selected HMBC correlations
xJ 3J

H-1 C-2 C-3,C-5,C-9
H-6 C-5 C-8,C-10,C4
H-7 C-6 -
H-10 C-1,C-5 C-6
H-12 C-11, C-13 C-9, C-14, C-17, C-18
H-15 C-14, C-16 C-8, C-13, C-30
H-16 C-17 C-20
H-17 C-16 C-14, C-18, C-22
H-18 - C-14,C-17
H-19 - C-8, C-10,C-11
H-21 C-20 C-17,C-22
H-23 C-22,C-24 C-25
H-24 C-23, C-25 C-22
H-26 C-25 C-24, C-27
H-27 C-25 C-24, C-26
H-28 C-4 C-3,C-5,C-29
H-29 C-4 C-3,C-5,C-28
H-30 C-14 C-8, C-15, C-13
H-1° C-2° C-2,C-3,C-5

COCH3; COCH3 -
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3.4 Fractionation of Rhanterium epapposum Extracts

Silica gel CC (Methods Section 2.5.4) was used to fractionate R. epapposum hexane
extract (8g, 2%), while the EtOAc extract (2g, 0.5%) and the methanol extract (2g,
0.5%) were fractionated using Sephadex column. The collected fractions were
examined using NMR and enabled the elucidation of the structure of the following
compounds; RE-1 (38mg, 0.47%) from the hexane extract, RE-2 (352mg, 16.25%)
and RE-3 (61mg, 3.05) from the EtOAc extract and RE-4 (14mg, 0.7%) from the

methanol extract.
3.4.1 Characterisation of RE-1 as 2-hydroxyalantolactone

The compound RE-1 (Figure 3.33) was obtained from the hexane extract of R.
epapposum leaves using CC. After spraying with p-anisaldehyde-sulphuric acid
reagent and heating, a yellow spot appeared with R¢ value of 0.52 using 100% EtOAc
as the mobile phase on TLC.

'H and DEPTg-135 carbon NMR spectra (Figure 3.34, Table 3.11) showed the
presence of two methyls at 64 1.24 (3H, s, H-14) and o6n 1.16 (3H, d, J= 7.7 Hz, H-
15), one oxygenated methine at 64 4.19 (1H, m, H-2), one oxygenated quaternary
carbon at 6c 170.3 and these were evidence of a eudesmanolide type sesquiterpene
lactone. The existence of a lactone moiety was confirmed from the protons at 64 5.66
(1H, d, J =1.9 Hz, H-13a) and at 6n 6.23 (1H, d, J = 1.9 Hz, H-13b) and one oxygen
bearing methine at o 4.83 (1H, m, H-8).

The *C NMR spectra (Table 3.11) displayed 15 signals and confirmed the presence
of two methyl groups at d¢ 29.6 (C-14) and 23.4 (C-15); four quaternary carbons,
including a carbonyl lactone at 6c 170.3 (C-12), and an olefinic carbon at 6c 139.4
(C-11); four methylenes, including one exocyclic olefinic at 6c 122.2 (C-13); five

methines, including an oxygen-bearing carbon at 6c 75.8 (C-8).

Using 2D NMR (COSY, HMQC and HMBC) the compound was identified as
follows: The long range correlation (HMBC, Figure 3.35B, Table 3.11) of the
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protons at &y 5.66 and 6.23 (H-13) had 3J correlations to the quaternary carbon at
170.3 ppm which was assigned as C-12. The protons at 4 1.50 (H-3), 1.60 (H-9) and
1.24 (H-14) all showed 3J correlations to the carbon at 8¢ 50.3 (C-1). 2J couplings
between the signal at 64 1.08 (H-1) and dc 63.3 confirmed the assignment of this
carbon signal to be C-2. The proton at &n 1.24 (H-14) showed 3J correlations to the
carbons at 3¢ 146.8 (C-5) and 42.4 (C-9) and correlated via 2J coupling to the carbon
at 6c 33.6 (C-10).

The HREI-MS data showed pseudo molecular ion [M] — at m/z 247.0080 suggesting
a molecular fomula of CisH200s. Thus RE-1 was identified as 2-
hydroxyalantolactone and this is the first report of its isolation from R. epappsum.
This compound has been previously isolated from Francoeuria crispa, family
Asteraceae (Al-Yahya et al., 1984). All the spectral data were in agreement with
those published in the literature (Al-Yahya et al., 1984).

Figure 3.33: Structure of 2-hydroxyalantolactone.
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Table 3.11: !H (400MHz) and DEPTg-135 (100MHz) data of
hydroxyalantolactone in CDCls.
HMBC
Position H 13C 23 3]
1 1.08 (1H, d, J = 3.3 H2) 50.3 | C-2 C-3,C-5,C-9
1.98 (1H, m) C-10 C-14
2 4.19 (1H, m) 63.3 |- -
3 1.50 (1H,dd, J=11.9,6.2Hz) | 41.7 | C-2,C-4 C-1,C-5,C-15
1.94 (1H, dt, J = 4.4, 2.1 Hz) C-2 c-1
4 2.66 (1H,ddd, J=8.0,6.3,1.9 | 385 |C-3,C-5C- | C-2,C-10,C-6
Hz) 15
5 - 146.8 | - -
6 5.25(1H,d,J=4.1 Hz) 119.7 | C-7 C-4,C-8,C-11
7 3.63 (1H,ddt, J=6.3,3.8,1.9 | 395 |C-11 C-12
8 4.83 (1H, m) 758 | C-7,C-9 C-6,C-10
9 1.60 (1H, m) 424 | C-10 C-1,C-14
2.21 (1H, m) C-8,C-10 C-5,C-7
10 - 336 |- -
11 - 1394 | - -
12 - 170.3 | - -
13 5.66 (1H,d,J =19 Hz) 122.2 | - C-7,C-12
6.23 (1H, d, J = 1.9 Hz) C-11 C-7,C-12
14 1.24 (3H, s) 29.6 | C-10 C-1,C-5,C-9
15 1.16 (3H,d, J=7.7 Hz) 234 | C-4 C-3,C-5
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3.4.2 Characterisation of RE-2 as 5-Caffeoylquinic acid (Chlorogenic acid)

The compound RE-2 (Figure 3.36) was obtained as a dark green solid from the ethyl
acetate extract of R. epapposum leaves through CC using Sephadex LH-20. After
spraying with p-anisaldehyde-sulphuric acid reagent and heating, a yellow spot
appeared with R¢ value of 0.74 on TLC using EtOAc as the mobile phase.

The *H NMR spectrum (Figure 3.37A, Table 3.12) revealed one quinic acid moiety
with three oxymethines at 6u 3.47 (1H, dd, J = 9.6, 3.3 Hz, H-3), 3.90 (1H, d,J=3.3
Hz, H-4), and 5.16 (1H, ddd, J = 11.1, 9.6, 5.1 Hz, H-5) and two methylenes at ou
1.63 (1H, dt, J = 14.3, 3.1 Hz), 1.98 (1H, dd, J = 14.3, 3.1 Hz) (H-2) and 1.78 (1H,
ddd), 1.84 (1H, dd, J=12.7, 11.1 Hz) (H-6). One caffeoyl moiety was established
with signals at on 7.45 (H-7"), 6.23 (H-8"), 6.98 (H-2"), 7.07 (H-6") and 6.76 (H-5").

The DEPTQ-135 NMR spectrum (Figure 3.37B, Table 3.12) showed sixteen carbon
atoms made up of seven carbon atoms of the quinic acid moiety and nine carbons for
the caffeoyl moiety. The quinic acid moiety showed two methylene carbons, C-2 and
C-6 at 38.5 and 40.4 ppm respectively and three oxymethine carbons (C-1, C-3, C-4
and C-5) as well as quaternary carbon at 75.6 ppm along with carboxyl signal (C-7)
at 176.7 ppm. The caffeoyl moiety includes a carbonyl at é¢ 166.8 (C-9°) and five
methine carbons at 121.7, 116.3, 115.2, 145.1 and 115.0 ppm (C-2°, C-57, C-6", C-7°
and C-8', respectively). Three quaternary carbons were observed at 126.0, 146.1 and
148.9 ppm (C-1°, C-3" and C-4").

Using 2D NMR (HMQC and HMBC) the compound was elucidated as follows: The
long range correlation (HMBC, Figure 3.38B) of the proton at 4 7.07 (H-6") showed
3] correlations to the carbons at ¢ 121.7 (C-2°), 148.9 (C-4") and 145.1 (C-7") while
the proton at dn 6.98 (H-2") showed 2J correlation to 5c 146.1 (C-3%) and 3J
correlation to ¢ 148.9 (C-4) in the aromatic ring. The proton at én 6.23 (H-8") had a
2] correlation to 8¢ 166.8 which was assigned as carboxylic acid carbon C-9°. The
protons at 8y 6.23 (H-8") and at 81 6.76 (H-5") showed J correlation to the carbon at
dc 126.0 while the proton at dn 7.45 (H-7") had a 2J correlation to 8c 126.0 which
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was assigned as C-1" in the aromatic ring. In the quinic acid moiety, the proton at on
3.90 (H-4) showed *J correlations to methylene carbon at 8¢ 38.5 (C-2), and 2J
correlations to the oxymethines at 6c 72.1 (C-5) and oc 73.6 (C-3). The methylene
protons at du 1.63/1.98 (H-2a/b) and dn 1.78/1.84 (H-6a/b) displayed a 2J correlation
to the carbon at 8¢ 75.6 (C-1). The proton signal (H-2b) had 3J correlation to the
carbonyl at 8¢ 176.7 (C-7). The deshielded proton at 8n 5.16 (H-5) correlated via 2J
coupling to C-6 at §¢ 40.4 and >J coupling to carbon at 8¢ 73.6 (C-3). H-5 showed a
3J correlation to the caffeoyl carbonyl at 5¢c 166.8 (C-9"), confirming the presence of

one caffeic acid unit in RE-2.

The HREI-MS data showed pseudo molecular ion [M]  at m/z 353.0885 which
showed that the molecular formula of this compound was CisH1s0s. The H &C
NMR spectral data are in agreement with those reported earlier (Amin et al., 2013).

This is the first report of 5-caffeoylquinic acid from R. epapposum.

Figure 3.36: Structure of 5-caffeoylquinic acid.
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Table 3.12° 'H (400MHz), DEPTQ-135 (100MHz), HMBC data of chlorogenic acid
in DMSO-ds.

HMBC
Position H 13C 2y 3y
1 - 75.6 | - -
2 1.63 (1H, dt, J=14.3, 3.3 Hz) 38.5 | C-1 C-7
1.98 (1H, dd, J=14.3, 3.1 Hz) C-1 C-7
3 347 (1H,dd, J=9.6, 3.1 Hz) 73.6 | C-4 -
4 3.90 (1H, d,J=3.3 Hz) 71.7 || C-3,C-5 C-2
5 5.16 (1H, ddd, J=11.1, 9.6, 5.1 Hz) 72.1 | C-6 C-3,C-9
6 1.78 (1H, ddd, J=12.7, 5.1, 2.6 Hz) 404 | C-1 C-2,C-4
1.84 (1H, dd, J=12.7, 11.1 Hz) C-1 C-2,C4
7 - 176.7 | - -
I - 126.0 | - -
2’ 6.98 (1H, dd, J=18.2,2.1 Hz) 121.7 || C-3° C-4',C-6
3 - 146.1 | - -
& - 1489 |- -
5 6.76 (1H, d, J=8.2 Hz) 116.3 | C-4',C-6 C-1,C-3°
6 7.07 (1H, d,J=2.1 Hz) 115.2 - C-2°,C-
4',C-T
7 7.45 (1H, d, J=15.8 Hz) 145.1 | C-1',C-8 C-6',C-9
8 6.23 (1H, d, J=15.8 Hz) 115.0 | C-9° C-1
9 - 166.8 | - -
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3.4.3 Characterisation of RE-3 as 3, 4-dicaffeoylquinic acid

The compound RE-3 (Figure 3.39) was isolated from the methanol extract of R.
epapposum as a brown amorphous solid. TLC analysis revealed a brown spot (Rf=
0.61) after spraying with anisaldehyde-sulphuric acid reagent followed by heating.
30% MeOH in EtOAc was used as mobile phase on TLC.

The '"H NMR spectrum (Table 3.13, Figure 3.40A) showed one quinic acid moiety
with three oxymethines at éu 5.52 (1H, m, H-3), 4.91 (1H, dd, J = 10.2, 2.9 Hz, H-
4), and 4.12 (1H, ¢, J = 3.2 Hz, H-5), and two methylenes at on 1.68 (1H, dt, J =
14.4, 3.2 Hz), 2.08 (1H, m) (H-2) and 1.88 (1H, ddd), 2.00 (1H, d, J= 12.1 Hz) (H-6).
Two caffeoyl groups were established with signals at on 7.42 (H-7), 6 7.45 (H-7"),
6.23 (H-8"), 6.17 (H-8"), 7.02 (H-2"), 7.01 (H-2""), 6.96 (H-6"), 6.92 (H-6""), 6.72
(H-5'/H-5").

The DEPTQ-135 NMR spectrum (Table 3.13, Figure 3.40B) showed 25 carbons in
total. Some distinctive signals from caffeoyl groups included two carbonyls at dc
166.7 (C-9") and 166.5 (C-9"), four olefinic carbons at 6c 145.9 (C-7"), 145.8 (C-7"),
114.1 (C-8") 114.2 (C-8") and six aromatic carbons at 6c 121.8 (C-6/C-6"), 115.3
(C-5'/5"), 116.3 (C-2°/C-2"). Three oxymethines at dc 68.7 (C-3), 76.4 (C-4) and
69.3 (C-5), two methylenes at 6c 38.4 (C-2) and 40.3 (C-6) and one carbonyl at dc
176.2 (C-7) were also observed.

In the HMBC spectrum (Table 3.13, Figure 3.41B), the proton at ou 4.91 (H-4)
showed 2J correlation to carbons at ¢ 68.7 (C-3) and >J correlation to carbons at 8¢
40.3 (C-6) and 166.7 (9°"). Protons at on 1.68 (H-2) and 1.88, 2.00 (H-6) both
correlated via %J couplings to the quaternary carbon at 8¢ 75.4 (C-1). Two protons at
dn 5.52 (H-3) and 4.12 (H-5) showed 2J correlations to one oxymethine at 8¢ 76.4
(C-4). The olefinic proton at 8y 7.42 (H-7") displayed a >J correlation to carbons at
3¢ 121.8 (C-6%), §166.5 (C-9") and 2J correlation to the carbonyl at 8¢ 125.7 (C-1°).
The olefinic proton at 8y 6.22 (H-8") showed a >J coupling to the quaternary carbon
at 8¢ 125.7 (C-1"). Proton at 8y 7.42 (H-7") correlated via %J coupling to carbon at 8¢
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125.7 (C-1"), 3J couplings to carbons at §c 115.3 (C-5°), 121.8 (C-6") and the
carbonyl at 8¢ 166.5 (C-9"). Similarly, proton at &y 7.45 (H-7") correlated via %/
coupling to carbon at 8¢ 125.7 (C-1"), >J couplings to carbons at d¢c 115.3 (C-5"),
121.8 (C-6") and the carbonyl at oc 166.7 (C-9"). Protons at ou 6.92 (H-6") and 7.01
(H-2") both showed 3J correlations to the carbon at 3¢ 149.1 (C-4"). Other two
important correlations observed were that the proton at 8y 5.52 (H-3) showed a *J
coupling to one caffeoyl carbonyl at dc 166.5 (C-9") and the proton at 6u 4.91 (H-4)
correlated via a 3J coupling to the other caffeoyl carbonyl at 8¢ 166.7 (C-9"). This
further confirmed that both hydroxyl groups at position 3 and 4 of the quinic acid

moiety were esterified with caffeic acid units.

The HREI-MS data showed pseudo molecular ion [M] — at m/z 515.1199 which
showed that the molecular formula of this compound was C2sH24012. The above data
led to the identification of RE-3 as 3, 4-dicaffeoylquinic acid in agreement with
previous reports (Corse et al., 1965). This is the first report of this compound from R.

epapposum.

Figure 3.39: Structure of 3, 4-dicaffeoylquinic acid.
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Table 3.13: 'H (400MHz), DEPTq-135 (100MHz), HMBC data of 3, 4-
dicaffeoylquinic in DMSO-de.

HMBC
Position H 3¢ 2] 33

1 - 754 | - -
2 1.68 (1H, dt, J=14.4, 3.2 Hz) 384 | C-1,C-3 C-6

2.08 (1H, m)
3 5.52 (1H, m) 68.7 | C-4,C-2 c-9
4 4.91(1H, dd, J=10.2,2.9 Hz) 764 | C-3 C-6,C-9
5 4.12 (1H, q,J =3.2 Hz) 69.3 | C-4 C-1C-3
6 1.88 (1H, ddd, J=12.8,5.3,2.7 | 40.3 | C-1,C-5 C-2

Hz)

2.00 (1H, d, J = 12.1 Hz) C-1,C-5 -
7 - 176.2 | - -
1 - 125.7 | - -
2 7.02 (1H, s) 1163 | C-3° C6
3 - 1458 | - -
4 - 1491 | - -
5 6.72 (2H, dd, J=8.2, 7.1Hz) 1153 | C-4 Cc-1
6 6.96 (1H, m) 1218 | C-1, C-5 C4,C-17
7 7.42 (1H, d, J = 16.1Hz) 1459 | C-1° C-6,C-9
8 6.23 (1H,dd,J=16.1,1.8 Hz) | 1141 | C-9 Cc-1
9 - 166.5 | - -
1" - 125.7 | - -
2" | 7.01(1H, s) 1163 | C-3" C-4",C6"
3" - 146.1 | - -
4" - 149.1 | - -
5" 6.72(2H,dd,J=82,7.1Hz) | 1153 |C-4" c-1"
6" 6.92 (1H,d,J =2.1 Hz) 1218 | C-17,C-5° c4,C-71"
7" 7.45 (1H, d, J = 15.9 Hz) 1458 | Cc-1” C-6,C9"
8" 6.17 (1H, d, J = 15.9 Hz) 114.2 | C-9 C-1"
9" - 166.7 | - -
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3.4.4 Characterisation of RE-4 as a mixture of 3',4°,57-tetrahydroxy-3,6-
dimethoxyflavone (RE-4a) and 3',4°,5,6-tetrahydroxy-3,7-dimethoxyflavone
(RE-4b)

The fraction RE-4 (Figure 3.42) was isolated as a brown solid from the methanol
extract of R. epapposum using Sephadex column. After spraying with p-
anisaldehyde-sulphuric acid reagent and heating, a yellow spot appeared with Rt

value of 0.62 using 20% methanol in EtOAc as the mobile phase on TLC.

The *H NMR spectrum (Figure 3.43A, Table 3.14) showed two downfield singlets at
o 12.80 and 12.38 attributed to a H-bonded phenolic hydroxyl proton usually found
at position-5 of flavonoids and each signal was integrated for one. Hence, it is may
be a mixture of two flavonoids. Four signals corresponding to methoxy groups was
observed at 64 3.75, 3.78, 3.80 and 3.91. The protons at 64 6.52 (1H, s) and 6.85 (1H,
s) accounted for the A-ring as H-8 for each flavonoid in the mixture. While the set of
aromatic protons gave overlapping signals belonging to the aromatic ABX spin
system at dn 6.90/6.92 (1H, d, J = 3.2 Hz, H-5"), 7.45/7.48 (1H, dd, J = 8.5, 2.3 Hz,
H-6") and 7.55/7.59 (1H, d, J = 2.3 Hz, H-2").

Using DEPTQg-135 NMR (Figure 3.43B) and 2D NMR (HMQC and HMBC), the
identification of the compounds in the mixture was possible. The major constituent
RE-4a showed a singlet at 61 6.52 attached to C-8 (94.3 ppm) and methoxy protons
at on 3.75 attached to 6-OCHz (60.4 ppm) in the A-ring (HMQC, Figure 3.44A). The
downfield shift of this methoxy carbon indicated its attachment at sterically-hindered
site.

The HMBC spectrum also showed a 3J correlation of the methoxy protons with a
carbon at d¢ 131.7, confirming the methoxy to be at C-6. The singlet at 64 12.80 (5-
OH) correlated by 2J to the carbon at 5c 152.4 which was assigned to be C-5 and 3J

correlation to the carbon at 6¢ 131.7 which further confirmed it to be C-6.
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The minor constituent RE-4b showed a singlet at 1 6.85 attached to C-8 (91.3 ppm)
and methoxy protons at 5y 3.91 attached to 7-OCHj3 (56.8 ppm) in the A-ring. A 3J
correlation between the methoxy protons and the carbon at 6c 155.0 was suggesting
the methoxy to be at C-7. The singlet at 6 12.38 (5-OH) correlated by 2J to the
carbon at 8¢ 146.3 which was assigned to be C-5 and 3J correlation to the carbon at
dc 130.0 which confirmed to be C-6.

The A-ring protons at 6n 6.52 (H-8, RE-4a) and don 6.85 (H-8, RE-4b) each showed
3] correlations to the quaternary carbon at ¢ 105.2 and 106.2, respectively and 2J
correlations to C-9 (RE-4a, RE-4b) at 152.0 and 149.3 ppm. 3J correlations between
two signals at 12.80 (RE-4a) and 12.38 ppm (RE-4b) and carbons at 6¢c 105.2 and
106.2, confirmed the assignment of this carbon signals to the C-10. Proton singlets of
C-ring at 64 3.78 and 3.80 attributed to the methoxy group found at C-3 of
flavonoids and integrated for three protons. Both signals revealed correlations to the

carbon at 137.8 ppm which was assigned to be C-3 of ring-C for each flavonoid.

The B-ring protons (RE-4a, RE-4b) at 6y 6.90/6.92 (H-5") showed 2J correlations to
C-6" at 121.1/121.0 ppm and to the oxygen-bearing quaternary carbon at dc 149.2
(C-4), indicating the presence of an -OH substituent in C-4' on the B-ring. The
protons at 8y 7.45/7.49 (H-2") correlated via 3J couplings to highly-deshieled C-2
(155.9/156.1 ppm) and had 2J couplings to the quaternary carbons at 5c 121.4/121.3
(C-1") confirmed the assignment of this carbon signal to the C-1" of the aromatic ring
B. A NOESY correlation (Figure 3.45 and 3.46) observed between H-8(b) and 7-
OCHs (b) also supported the methoxy to be at C-7 in the compound RE-4b.

The HREI-MS data showed pseudo molecular ion [M] — at m/z 345.1200 which
showed that the molecular formula of each compound in the mixture was C17H140s.
The 'H &!C NMR spectral data are in good agreement with those reported earlier
(Gebreheiwot et al., 2010; Hung et al., 2013) and the compounds identified as a
mixture of 3°,4°,5,7-tetrahydroxy-3,6-dimethoxyflavone (axillarin) (RE-4a) and
3,4°,5,6-tetrahydroxy-3,7-dimethoxyflavone (tomentin) (RE-4b). They are being
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reported from this plant material for the first time. Further work is required to

separate this mixture.

R1 R2
RE-4a: H OCH;
RE-4b: OCH; H

Figure 3.42: Structure of 3°,4°,5,7-tetrahydroxy-3,6-dimethoxyflavone (RE-4a) and
3',4°,5,6-tetrahydroxy-3,7-dimethoxyflavone (RE-4b).
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Table 3.14: 'H (400MHz) and DEPTQg-135 (100MHz) data of RE-4a and RE-4b
DMSO-de.
Position RE-4a RE-4b
OH oc OH oc
1 - - - -
2 - 155.9 - 156.1
3 - 137.8 - 137.8
4 - 178.4 178.4
5 - 152.4 - 146.3
6 - 131.7 - 130.0
7 - 157.7 - 155.0
8 6.52 (1H, s) 94.3 6.85 (1H, s) 91.3
9 - 152.0 149.3
10 - 105.2 106.2
1 - 121.4 - 121.3
2 7.59/7.55 115.9/115.8 7.55/7.59 115.8/115.9
(1H, d, 2.3 Hz) (1H, d, 2.3 Hz)
3 - 145.9/145.7 - 145.7/145.9
4 - 149.2 - 149.2
5 6.92/6.90 116.2 6.90/6.92 116.2
(1H, d, 3.2 H2) (1H, d, 3.2 H2)
6 7.48/7.45 121.1/121.0 7.45/7.48 121.0/121.1
(1H, dd, 8.5, 2.3 (1H, dd, 8.5, 2.3
Hz) Hz)
3-OCHs 3.80/3.78 (3H, s) | 60.1 3.78/3.80 (3H, s) || 60.1
5-OH 12.80 (1H, s) - 12.38 (1H, s) -
6-OCH3 3.75 (3H, s) 60.4 - -
7-OCH3 - - 3.91 (3H, s) 56.8
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(labelled as a) and RE-4b (labelled as b) in DMSO-ds*.
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4a and RE-4b.
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3.5 Cytotoxicity secreening of isolated compounds using AlamarBlue®assay
3.5.1 Seeding density optimisation

This experiment was carried out to determine the best seeding density to be used in
AlamarBlue®and MTT assays with tumor and non-tuomor cell lines. The optimum
seeding density for each cell line was determined using an AlamarBlue® assay
(Figure 3.47). As a result, 10* cells per well were chosen as an optimal number to be
used in a 96-well plate for LNCaP, PNT2, HeLa and PANC-1 cells as the highest
absorption was recorded at this number of the cells. By contrast, A375, A2780 and

ZR-75-1 cells were seeded using 7 x 103 cells per well.
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PNT2 Cells

Figure 3.47: Cell line seeding density optimisation. Each cell line was seeded in
different seeding densities (3000, 5000, 7000, 10000 cells per well) in 96 well plates
and then incubated at 37°C, 5% CO2 and 100% humidity, for 72h, and assayed for
cell viability by AlamarBlue® assay. The images shows that 10000 cells per well
were chosen as an optimum number to be used in a 96 well plate.
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HelLa Cells

Figure 3.47 (continued): Cell line seeding density optimisation. The images show
that 10000 cells per well were chosen as an optimum number to be used in a 96 well

plate.

160



A2780 Cells

ﬁz_;(x'%\ % B
% -«

IREOEEER ‘?ﬁ"\*‘*-‘
> 00

S

= G

Figure 3.47 (continued): Cell line seeding density optimisation. The images
shows that 7000 cells per well were chosen as an optimum number to be used in a 96
well plate.
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A375 Cells

Figure 3.47 (continued): Cell line seeding density optimisation. The images
shows that 7000 cells per well were chosen as an optimum number to be used in a 96

well plate.

3.5.2 Cytotoxicity evaluation
3.5.2.1 Cytotoxicity of isolated compounds

Cytotoxicity of the isolated compounds was evaluated against cancer (A375, PANC-
1, A2780, ZR-75-1, LNCaP, and HeLa) and non-cancer (PNT2) cell lines using the
AlamarBlue® assay (Table 3.15). Any compound that caused cell viability to
decrease to less than 50% was considered cytotoxic and the concentration of each
compound which gave 50% of the maximum response, the (ECso) was calculated.
The results, which can be seen in Table 3.15, show that among the isolated
compounds from T. aphylla, TA-1 and TA-3 exhibited cytotoxic activity. Compared
with the non-cancer cell line, fraction TA-1(a+b) (5:1)* presented cytotoxic effects
against A375 cell line, with an ECso of 25.18+1.5ug/ml. In contrast, the compound
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TA-2 was not toxic to the cancer cell lines, with the majority of cells still viable. TA-
3 exerted cytotoxic activity against HeLa cells (86.50+0.51uM) when compared to
normal cell line (PNT2).

(*) According to the *H NMR spectrum of the mixture of the two compounds TA-1a
and TA-1b, the peak which corresponds to H-5 of the compound TA-1a integrated
for one proton when the peak of the H-5 for the compound TA-1b was integrated for
0.2, thus, the ratio of the two compounds in this mixture was 5:1 (TA-1a: TA-1b).

CC-1 and CC-2 were isolated from C. colocynthis and the best cytotoxicity against
the cancer cell lines was observed with CC-2. It exhibited cytotoxic activity against
A375, A2780 and ZR-75-1 cell lines, with ECso values of 58.00+1.20uM,
62.27£1.76pM, and 55.25+1.15uM, respectively. CC-1 was toxic to HelLa cancer
cell line 85.11+1.20uM and also toxic to the normal cells (PNT2, 73.61+1.26uM).

Some compounds isolated from R. eppaposum (RE-1, RE-2 and RE-3) and A.
spinosus (AS-1, AS-2 and AS-3) were tested and no cytotoxicity was observed at
concentrations up to 100pM.

Other isolated compounds such as TA-4, AS-4, and RE-4 were not assessed for
cytotoxicity due to the limited quantities and the prescence of some impurities. This
study showed preliminary cytotoxic screening of isolated compounds on cancer cell
lines and to study the mechanisms of action of these compounds, further

investigations are required.
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Table 3.15: ECso of the tested compounds on each cell line. The values are means
+ SEM of at least three independent experiments performed in triplicates.

ECso (LM)
+ Normal
C
= . Cell
§ Cancer Cell Lines Line
= A375 HeLa | LNCaP | A2780 | PANC-1 | ZR-75-1 PNT2
TA-1 25.18 - - - >100 - -
+1.50"
TA-3 >100 86.50 - >100 >100 >100 -
+0.51
CC-1 - 85.11+1 | >100 - - - 73.61
.20 +1.26
CC-2 58.00 >100 >100 62.27 >100 55.25 -
+1.20 +1.76 +1.15

*ECso of this fraction TA-1(a+b) was measured in pug/ml.
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Figure 3.48: Cytotoxicity of isolated compounds. Determination of ECso for
compounds TA-1, TA-3, CC-1 and CC-2 using the dose-response curve and the
effect of DMSO on cell viability at the equivalent DMSO content in the wells.
Cellular viability was measured using an AlamarBlue® assay, values are the means of
n=3%SEM.
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Part 2: Molecular Biology Results

3.6 RNA Extraction and Quality Assessment

3.6.1 Plant RNA Extraction and Quality Assessment

Researchers can face difficulties during the extraction process because some plants
are rich in secondary metabolites which can interfere with RNA extraction. For
example, plant tissues with large quantities of phenolic compounds that compromise
downstream analysis. Also, the carry-over of genomic DNA in extracted plant RNA
samples will affect gene expression studies, as it can lead to false-positive results

because of an overestimation of transcript quantity.

Due to known issues regarding nucleic acid extraction from plant material, an early
comparison between several RNA purification Kkits, including kits specifically
designed for plant RNA isolation, was carried out using four plants. Of the plants in
this study, some of the kits gave a low RNA yield per amount of starting material and
the isolated RNA was contaminated, as indicated by the spectrophotometric Azeo/230
and Aosor2e0 readings. The purified RNA samples should be free from genomic DNA,
protein, enzyme inhibitors, or any salt or alcohol carry-over which could compromise
RNA-based applications. Therefore, identifying and using an efficient RNA

extraction method is an important factor to ensure total RNA of high quality.

The outbreak of war in the country of origin of the plants after the original, limited
collection of plant material prevented their further collection. Constrained with only
limited dried stocks and no fresh plant material, the further study of the RNA
isolation methods had to be conducted with only two selected plants (A. spinosus and
C. colocynthis) to identify the most effective method of extracting intact RNA from
the plant samples. The extraction Kits investigated in this study applied different
strategies: silica-based capture column-based kits; magnetic bead-based kits; and
organic solvent extraction kits. The yield and purity of the extracted total RNA from

these RNA isolation procedures are listed in Table 3.16.
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Table 3.16: Evaluation of competing methods for RNA isolation efficiency.

Extraction Kit Plant RNA A260/280 A260/230
Yield Ratio Ratio
(H9)
Norgen Total RNA Kit A. spinosus 69.23 1.93 1.49
C. coloynthis 53.83 1.96 1.77
Qiagen Plant RNeasy Kit | A. spinosus 18.58 1.99 0.07
C. coloynthis 33.00 1.46 0.24
Invitrogen PureLink Total | A. spinosus 471.75 2.23 3.48
RNA Kit C. coloynthis | 374.31 2.26 4.77
Cambio PowerPlant RNA | A. spinosus 13.26 1.62 0.73
Islatien KitwithiDNase C. coloynthis 5.04 1.64 1.02
Cambio PowerPlant RNA | A. spinosus 283.86 1.47 0.54
Isolation Kit C. coloynthis | 368.88 1.27 0.41
Thermo Scientific A. spinosus 28.50 1.0 0.10
MagJET Plant RNA Kit | C. coloynthis | 281.34 1.92 1.43
Sigma Spectrum Plant A. spinosus N/A N/A N/A
Total RNA Kit C. coloynthis 4.85 0.61 0.20
(Protocol A)”
Sigma TRIzol Reagent” A. spinosus N/A N/A N/A
C. coloynthis | 303.00 1.72 0.62
Ambion mirvana™ A. spinosus 18.18 2.04 1.41
miRNA Isolation Kit C. coloynthis | 59.62 1.87 0.47
MirPremier microRNA | A. spinosus 402.51 2.11 0.98
isolation Kit C. coloynthis | 697.20 2.07 1.95

“This protocol was not performed on A. spinosus due to limited quantity of the plant

sample

The purified total RNA using the Norgen Kit was assayed spectrophotometrically
and gave Azsorso and Aozeor2zo Values of 1.93 and 1.49 for A. spinosus and 1.96 and
1.77 for C. colocynthis, respectively. A typical RNA UV absorption spectrum was
observed (Figure 3.49; A1&A2). It shows that the purified RNA sample has close to
an ideal Azsoi280 ratio, suggesting the lack of protein contaminants. However, with an
Axeo230 ratio of less than 2.0 at 1.49, suggests salt contamination may be present in
the sample. The yield of the extracted RNA samples is 69.23 and 53.83ug for both
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plants, respectively and it is within the reliable detectable range of the Nanodrop
spectrophotometer.

Most of the other purification Kits isolated total RNA of lower purity. The Qiagen
Plant RNA kit extracted total RNA with low yields of 18.58ug and 33.00ug of As.
spinosus and C. colocynthis, respectively. The absorbance spectrum shows a high
shoulder of the curve at 220nm. The Azsor230 values are significantly low (0.07 and
0.24) for both samples and these numbers are indicative of the contamination of the
sample with reagents used in the isolation which absorb at 220nm (Figure 3.49;
B1&B2).

The PureLink Kit purified total RNA with high yield values of 471.75ug and
374.31ug of A. spinosus and C. colocynthis, respectively (Figure 3.49; C1&C2). The
Aceorzgo ratios of both samples are higher than ideal (2.23 and 2.26, respectively)
While the Aoeorzszo ratios are also higher than 2 (3.48 and 4.77, respectively). In
addition the absorption curve is not typical of a pure RNA sample, lacking the
230nm dip before the 260nm peak.

The PowerPlant RNA Isolation Kit isolated total RNA samples with high quantities;
283.86g of A. spinosus and 368.88pg of C. colocynthis and low Azsor2s0 and Azeor2zo
ratios. The UV curve (Figure 3.49; D1&D?2) indicated a high concentration of protein
in the sample as the large peak appears at 270nm. Additionally, a small shoulder of

the curve was observed around 220nm which suggests salt carry-over contamination.

The PowerPlant Kit with DNase protocol purified total RNA samples with low
quantity and quality. The absorbance curve (Figure 3.49; E1&E2) of both samples
shows a small shoulder at 270nm and a small bulge at 220nm, suggesting to presence
of salt impurities. Very low yield values of 13.26ug (A. spinosus) and 5.04ug (C.
colocynthis) could be due to degradation of RNA samples.
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The purified total RNA using the MagJET Plant RNA Kit gave Axeo2s0 and Azeor230
values of 1.00 and 0.10 for A. spinosus and 1.92 and 1.43 for C. colocynthis,
respectively. RNA sample isolated from A. spinosus was from low quantity
(28.50ug) and low A2zeor280 and Azeorezo ratios. The absorbance spectrum (Figure 3.49;
F1) shows a small shoulder of the curve that was observed at 220nm, indicating to
salt contamination. A small bulge was observed at 270nm suggesting that the RNA
sample is contaminated with protein. A good absorbance spectrum (Figure 3.49; F2)
shows that the purified RNA sample of C. colocynthis has close to ideal Azeor2g0 ratio,
however, the Azsor30 ratio of 1.43 is lower than 2, indicating to salt contamination.
High yield of the extracted RNA sample (281.34jg) was measured.

The Spectrum Kit (Protocol A) purified total RNA from poor quality and quantity.
The RNA sample was assayed spectrophotometrically and gave Azsorzgo and Azeo/2z0
values of 0.61 and 0.20, respectively. The absorbance curve (Figure 3.49; G) shows
peak at 270nm and small bump at 220nm, indicating contamination of the isolated

sample with Kit reagent impurities.

Organic extraction with Invitrogen TRIzol Reagent purified RNA in a significant
quantity of 303ug but of low quality as indicated by A2eo280 and Azeor2zo Values (1.72,
0.62, respectively). Additionally, the large peak is at 270nm. This curve (Figure 3.49;
H) is typical of carry-over of phenol in the sample as a result of TRIzol RNA

isolation protocols with poor removal of phenol during the organic phase separations.

The above results revealed that, based on the spectrophotometric analysis alone, the
Norgen Total RNA kit would be a recommended extraction kit for A. spinosus and C.
colocynthis as it isolated total RNA of reasonable quantity and quality. However,
between the Kits tested, there was no one kit that extracted total RNA with high
quality and gquantity from both plants.

Isolation of intact RNA from these samples was complicated and challenging

because of several issues were observed during RNA purification process. First issue
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was that the column-based methods would become clogged during the initial
filtration step. That could be due to insufficient lysis of the plant tissues as a result of
the disruption issues with of some plant samples. Also, blocking of the RNA binding
columns occurred due to high viscosity of clarified lysate and binding solution
mixture. RNA samples are likely to be degraded due to the degradation between
harvesting the plant and RNA extraction. In this case, RNA stabilisation after plant
harvesting would be recommended (e.g. freezing of plant samples or preserving with
RNAlater® solution). Moreover, contamination of purified RNA with genomic DNA

and kit isolation solutions carry-over was also reported in some cases.
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Figure 3.49: Assessment of extracted RNA purity. Absorption spectra in the UV-
region for purified RNA of two plants: Al, B1, C1 - Astragalus spinosus and A2,
B2, C2- Citrallus colocynthis using Norgen Biotek total RNA purification Kkit,
Qiagen Plant RNeasy Kit and Invitrogen PureLink Total RNA Kit for RNA
extraction, respectively. 2ul of each sample was analysed using the NanoDrop 2000c
spectrophotometer.
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Figure 3.49 (continued): Assessment of extracted RNA purity. Absorption spectra
in the UV-region for purified RNA of two plants: D1, E1, F1 - Astragalus spinosus
and D2, E2, F2- Citrallus colocynthis using PowerPlant RNA Isolation Kit,
PowerPlant RNA Isolation Kit with DNase and MagJET Plant RNA Kit for RNA
extraction, respectively. 2l of each sample was analysed using the NanoDrop 2000c
spectrophotometer.
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Figure 3.49 (continued): Assessment of extracted RNA purity. Absorption spectra
in the UV-region for purified RNA of Citrallus colocynthis: using G: Spectrum Plant
Total RNA Kit (Protocol A) and H: TRIzol Reagent for RNA extraction,
respectively. 2ul of each sample was analysed using the NanoDrop 2000c
spectrophotometer.
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3.6.2 Total RNA Extraction from Body Fluids

Purification of total RNA and miRNA from camel milk and urine, and bovine milk
was performed using a Norgen Biotek Total RNA kit. This kit states it is designed
for total RNA and miRNA extraction from plant tissues, animal cells, and body

fluids including milk, urine, and blood.

A preliminary study indicated that the Norgen kit was not effective and it produced
RNA of low quantities and poor quality (Table 3.17). Further extraction work is
needed using other extraction kits to identify the most effective method of RNA

isolation from body fluids.

Table 3.17: Quantification of isolated RNA from body fluid samples using
Nanodrop spectrophotometer. The highest RNA yield measured was from camel

milk followed by bovine milk and camel urine.

No. Sample Name RNA Yield (ug) | Azsorso Ratio | Aazeorso Ratio
1 Bovine Milk 6.40 1.30 0.34
2 Camel Milk 13.79 1.53 0.06
3 Camel Urine 4.37 1.36 0.50
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3.6.2.1 Total RNA extraction from exosomes

3.6.2.1.1 Total exosome isolation from body fluids

RNA has been detected in exosomes isolated from different biological fluids (Qazi et
al., 2010). Therefore, in order to improve the poor recovery of total RNA obtained
using commercial Kits, total exosome isolation from body fluids was carried out

followed by total RNA extraction from exosomes.

A pellet of exosomes was purified from both camel milk and urine samples using a
Total Exosome Isolation (From other body fluids) kit and Total Exosome Isolation
(from urine) kit, respectively. As with the camel milk samples, bovine milk was
subjected to exosomal extraction using the Total Exosome Isolation (from other body
fluids) kit. However, no pellet of exosomes was formed. A pellet of exosomes from

bovine milk was only obtained with use of the ultracentrifugation method.

3.6.2.1.2 Exosome detection by immunoblotting (Western Blot)

CD63 is a tetraspanin membrane protein which is commonly enriched in exosomes
(Gross et al., 2012). Therefore, in order to confirm the identity of the purified pellet
as exosomes, immunoblotting was conducted using an antibody against CD63 with
different concentrations of pellet lysate. As shown in Figure 3.50, exosomes prepared
from bovine milk (BM) by ultracentrifugation gave a stronger band comparing with
other exosome samples isolated from camel milk (CM) and urine (CU). All the
samples were shown to be positive for CD63. This result demonstrated the presence

of exosomes in the isolates from all three body fluid samples.
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Figure 3.50: Western blot analysis of CD63 in purified exosomes from body
fluids. A: 30ug/ul of total protein of each exosomal pellet lysates. B: 40ug/ul of
total protein of each exosomal pellet lysates. BM: Bovine milk; CM: Camel milk;
CU: Camel urine.

3.6.2.1.3 Total RNA extraction from exosomes

Total RNA was extracted from the exosomes using Norgen Biotek Total RNA
purification kit and then the isolated total RNA was measured using a NanoDrop
2000c Spectrophotometer. Total RNA isolated from the three exosome samples was
of low yield and poor quality (Table 3.18). In order to identify the most effective
method of RNA extraction from body fluid, further extraction work is needed

examining other RNA extraction Kits.

Table 3.18: Quantification of isolated RNA from exosomes using Nanodrop
spectrophotometer. The highest RNA yield measured was from the bovine milk
sample followed by camel milk sample, while camel urine sample showed the lowest
RNA yield.

No. Sample Name RNA Yield (ug) | Aazeorzso Ratio | Azeorzso Ratio
1 Bovine Milk 18.37 1.21 0.39
2 Camel Milk 11.2 0.79 0.29
3 Camel Urine 1.90 1.77 0.16
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3.6.3 Experion™ Automated Electrophoresis System

The quality of the RNA isolated from the five plants using various extraction
methods was assessed. The integrity of total RNA isolated from each plant was
variable from one extraction kit to another. Most of the isolation kits produced total
RNA with low quality and that was indicated by the low 28S t018S ratio and low
RQI values. Low RQI values indicate degraded RNA. However, the PureLink kit
yielded total RNA with good integrity from A. spinosus and C. colocynthis R.
eppapsum and T. aphylla in which 28S /18S ratios were 1.17, 1.14 and RQI values
were 8.3 and 7.9 for both plants respectively (Figures 3.51A and B).
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Figure 3.51: Bio-Rad Experion Automated Electrophoresis analysis of plant
RNA isolated using PureLink total RNA extraction Kit. A: A1 R. epappsum RNA
electropherogram; A2 R. epappsum virtual gel; and B: B1 T. aphylla RNA

electropherogram; B2 T. aphylla virtual gel. * indicates the RNA of small molecular

weight, ** indicates the Experion lower RNA size marker.
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A RNA integrity analysis was conducted for all of the purified RNA samples from
the A. spinosus and C. colocynthis plants from the in-depth study of the total RNA
purification methods. The integrity assessment revealed that the PureLink Kit
extracted RNA from both plants with better integrity than the other used kits (Table
3.19).

Table 3.19: Comparison of RNA quality from different extraction kits. Higher
RQI (RNA quality indicator) values indicate a higher degree of RNA integrity. RQI
values range between 10 (intact RNA) and 1 (totally degraded RNA). N/A = not

applicable.
) ) 28S /18S
Extraction Kit Plant Name ) RQI
Ratio

Invitrogen PureLink Total | A. spinosus 0.86 7.1
RNA Kit C. colocynthis 0.84 6.6
Cambio PowerPlant RNA A. spinosus 0.18 N/A
Isolation Kit C. colocynthis 0.90 2.6
) A. spinosus 0.97 3.4

Norgen Total RNA Kit i
C. colocynthis 2.39 N/A
_ ) A. spinosus 0.05 5.1

Qiagen Plant RNeasy Kit i
C. colocynthis 0.71 2.6
Thermo Scientific MagJET | A. spinosus 0.75 N/A
Plant RNA Kit C. colocynthis 0.24 3.3

The quality assessment was also performed on the total RNA purified from the camel
milk and urine samples. Low RQIs (1.3, 2.1) and 26S to 18S ratios (0.41, 0.03) of
camel milk and urine samples, respectively was observed and was due to the

degraded RNA. Further work is needed to optimise effective, collection, preservation
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and extraction methods for camel milk and urine samples and to improve the quality
of the isolated RNA.

3.6.4 Quantification of miRNA assay

3.6.4.1 Stem-loop reverse transcription reaction

The isolated total RNA from A. spinosus and C. colocynthis using different
extraction kits was converted to cDNA and then assayed for miR-166 TagMan small
RNA assays. As seen in Figure 3.52, real-time amplification plots showed different

miR-166 levels of each plant using different kits.
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Figure 3.52: TagMan™ miRNA assay quantitative RT-PCR amplification plots
of miR-166 miRNA isolated from two plants using different extraction kits. Each
sample was prepared in triplicate. AS: A. spinosus, C: C. colocynthis, PL: PureLink
kit, PP: PowerPlant kit, N: Norgen kit, Q: Qiagen Kkit. RT-: Reverse transcriptase-

negative controls of AS and C cDNA samples.

Ct value is inversely proportional to the amount of target transcript expressed in a
sample. Higher C; values indicate lower amounts of target nucleic acid while lower
C: values refer to high amounts of target nucleic acid. The comparison between Ct

values for both plants revealed that the Norgen kit gave the lowest Ct value
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(18.8+0.04) which is indicating to abundant miR-166 in A. spinosus while the highest
level of the miR-166 was obtained using PureLink kit in C. colocynthis (21.14+0.12).
Ct values of 24.5+0.08 and 25.6+0.09 were indicative of moderate levels of the miR-
166 for both plants using Qiagen kit while the Powerplant kit showed the highest Ct
values (26.6+£0.10, 30.6+0.05) and minimal amounts of miR-166 level for A.
spinosus and C. colocynthis respectively (Figure 3.53).

The variation of Ct values, from one plant, using different RNA extraction
techniques indicates that the RNA isolation method can lead to incorrect
quantification of target miRNAs. Different RNA purification methods have been
reported to have an influence on the quality and the expression profile of the isolated
miRNAs. Wang et al. (2008) found that RNA quality affects the result of miRNA
expression studies. RNA sample with poor quality that contains contaminants such as
traces of cell debris, genomic DNA or other components can potentially inhibit PCR
reactions and compromise the Ct values. Hammerle-Fickinger et al. (2010) also
showed that the RNA purification methods have an impact on the RNA quality and
integrity, consequently affecting the quantitative gene expression analysis. In which
degraded RNA interferes with the measurement of gene expression, and can lead to

an incorrect estimation.
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Figure 3.53: The levels of plant miR-166 miRNA in A. spinosus and C.
colocynthis detected by qRT-PCR using various total RNA extraction kits. PL:
Purelink Kkit; PP: Power Plant Kit; N: Norgen Kit; Q: Qiagen kit. Data are the average

+ SEM of triplicate reactions. The lower Ct values indicate the higher miRNA levels.

As seen in Figure 3.54, agarose gel electrophoresis of the TagMan miR-166 miRNA
assay confirmed the presence of a single miR-166-derived amplicon in RNA samples
of both plants that extracted with different kits. Lanes 2-10 include RNA samples of
A. spinosus, C. colocynthis, and positive control (Soybean). Lanes 11-15 are RT-
samples and a no template negative control and did not display any miR-166

amplicons as one would expect from such controls.
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Figure 3.54: Agarose gel image showing amplicons from the gRT-PCR results of
the miR-166a assay. Lanes: 1: HyperLadder V DNA marker (Bioline); 2-5 — four
RNA samples of A. spinosus extracted with different extraction Kits; 6-9: three RNA
samples of C. colocynthis extracted with different extraction kits; 10: positive control
(Soybean; PC); 11-13: RT- negative controls of A. spinosus and C. colocynthis, and
14: H0 blank negative control (NC). The amplicons were resolved on a 2% (w/v)

agarose gel and visualised by ethidium bromide staining.
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3.6.4.2 TagMan-based qRT-PCR

Based on the spectrophotometric and Experion analysis, total RNA extracted from
both plants using the Norgen kit were selected to evaluate the presence of miR-167
and miR-168 in a pilot quantitative real-time PCR study with the TagMan small
RNA assays. As seen in Figure 3.55, abundant miR-167 and miR-168 (Ct =23+0.22
and 25+0.01) were detected in C. colocynthis. While a moderate quantity (Ct
=34.6+£0.20 and 31.3+0.21) of both genes were measured in A. spinosus. Reaction
negative controls such as water blank reactions and RT™ reactions gave
“undetermined Ct” values as expected, i.e. no Ct value was returned for these

samples over 40 cycles of amplification.
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Figure 3.55: The levels of plant miRNAs (miR-167 and miR-168) in A. spinosus
and C. colocynthis samples detected by qRT-PCR following isolation using a
Norgen Biotek total RNA extraction Kkit. The experiment was carried out three
independent times (n = 3), and the error bars on each column reflect SEM. The lower
Ct values indicate the higher miRNA levels.

184



3.6.4.3 cDNA synthesis and gRT-PCR of biological fluids

The isolated RNA from camel milk and urine were converted to cDNA and then
examined using the TagMan™ miRNA assays to look for the presence of plant
miRNAs (miR-166, miR-167, and miR-168). In addition, bovine milk was also
analysed to compare it with the camel samples. Ct values showed higher amounts of
miR-166 in bovine milk and lower levels in camel milk and urine samples.
Detectable levels of miR-167 and miR-168 were found in all the samples (Figure
3.56). No miRNAs were detected in the no-template control which confirmed the
lack of nonspecific amplification in the samples. The above preliminary study

suggests the presence of plant miRNAs in bovine milk, camel milk, and urine

samples.
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Figure 3.56: The levels of plant miRNAs; miR-166, miR-167 and miR-168 in
camel milk, camel urine, and Bovine milk samples detected by TagMan miRNA
gRT-PCR assays. The experiment was carried out three independent times (n = 3),
and the error bars on each column reflect SEM. The lower Ct values indicate the
higher miRNA levels.
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3.7 In vitro digestion of bovine milk

In vitro digestion of bovine milk was performed to monitor and compare the
bioavailability of three plant miRNA in bovine milk following the gastric stage of
human digestion. In order to perform this experiment, a drug dissolution tester was
used as a simulated digestion system to provide the physical and biochemical
conditions similar to that in the human gastric environment to minimise the

involvement of human in drug delivery studies (Lee et al., 2008).

In the current study, bovine milk samples were tested in the drug dissolution tester to
examine the levels of plant-derived miRNAs in these samples after being subjected
to the physiological conditions of a human stomach. The bioavailability assessment
of plant miRNAs were carried out prior to ingestion and also at a number of time
points during the gut stages of digestion. After RNA extraction and stem-loop gRT-
PCR, the amplification of qRT-PCR of plant RNA (Figure 3.57) reported that miR-
166 levels of bovine milk in the simulated digestion system showed stable levels
from O min until 19 min and then significant (p = 0.01) decrease in their levels after
38 min of digestion suggesting a decrease in their resistance to degradation over
time. miR-167 and miR-168 showed constant levels from 0 min until 38 min of early
digestion. Their levels during this digestion period suggest a resistance of these
miRNAs to degradation unlike miR-166.

The above results demonstrated the survivability and the robustness of some plant-
derived miRNAs (miR-167 and miR-168) in a simulated digestion system for 38 min
without any significant decrease in their levels. However, a significant (p = 0.01)
decrease in the levels of the miR-166 was observed during the 38 min incubation in

the simulated digestion process.
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Figure 3.57: gRT-PCR measurement of miRNA levels in bovine milk during
digestion in the simulated digestion system (0 min) until 38 min of digestion.
Sampling and analysis were carried out three independent times (n = 3), and error
bars on each column, reflect SEM. The lower the Ct value, the higher the miRNA
levels.*The miR-166 levels in the bovine milk sample after 38 min are significantly
lower (p < 0.05) than the control sample and the incubated sample after 19 min.
based on ANOVA and Tukey's post hoc test. miR-167 and miR-168 show consistent
levels from 0 min until 38 min of early digestion and comparable Ct values
throughout early digestion for 38 min to the respective values at 0 minute time point.
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3.8 Effect of plant miR-167 mimic on PRLR expression in cancer cell lines

This assessment was carried out to evaluate the possible regulatory effect miR-167

might have on PRLR mRNA expression in several tumour cell lines.

3.8.1 Quantification of human prolactin receptor (PRLR) in different human

cancer cell lines

3.8.1.1 Total RNA isolation from cancer cell lines and cDNA synthesis

The concentration of isolated total RNA samples was measured using Nanodrop
spectrophotometry and showed RNA of high quality and a good yield (Table 3.20).
Total RNA isolated from the cancer cells were used as templates for cDNA

synthesis.

Table 3.20: RNA yields from several cancer cell lines. LNCap cells showed the
highest RNA yield while HelLa cells showed the lowest RNA yield.

Cell line RNA Yield (pg) Aazesoi280 ratio | Aazeor2so ratio
PANC-1 575.47 2.10 1.96
LNCap 996.14 1.93 2.18
A2780 632.00 2.10 2.02
ZR-75-1 321.76 2.08 1.87
A375 515.20 2.09 2.18
HelLa 175.52 2.07 1.58
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3.8.1.2 Quantitative Real-Time Reverse Transcribed Polymerase Chain
Reaction (QRT-PCR)

This technique was used to determine relative expression levels of PRLR mRNA in
six human cancer cell lines: A375, PANC-1, A2780, ZR-75-1, LNCaP, and HeLa
cells. As shown in Table 3.21, ZR-75-1 cells express the highest levels of PRLR
mRNA followed by HelLa cells. The moderate amounts of PRLR mRNA were
measured in A375 and the levels of PRLR mRNA were the lowest in LNCaP cells.
While in PANC-1 and A2780 cells, PRLR mRNA was not detectable.

Table 3.21: Expression of hPRLR mRNA in several cancer cell lines. Each cell
line was placed into 6-well plates and incubated for 24h. Total RNA was prepared
from the cells. After reverse transcription, quantitative real-time PCR analysis was
performed on the cDNA using selected primers for hPRLR as described in the
Methods Section 2.9.7.3. The expression levels of hPRLR mRNA transcripts were
normalised to the reference gene PPIB using the ACt method. Values are the means
of n =3+ SEM.

Cancer Cell line Target Name Reporter Ct (MeantSEM)
ZR-75-1 PRLR SYBR 241120 65
HelLa PRLR SYBR 20.10+1.21
A375 PRLR SYBR 32.70+0.50
LNCaP PRLR SYBR 37.00+2.04
PANC-1 PRLR SYBR ND
A2780 PRLR SYBR ND
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3.8.2 Transfection of several cancer cell lines with plant miR-167

3.8.2.1 Transfection validation

Optimisation of the transfection process is a critical step to ensure successful

delivery of small RNAs to studied cell lines.

3.8.2.1.1 Transfection examination by AllStars Hs Cell Death Positive Control
SiIRNA

Successful transfection of the AllStars Cell Death Positive Control siRNA causes a
targeted knockdown of genes essential for cell survival. In order to optimise the
transfection conditions, the ratio of transfection reagent to siRNA was varied and the
viability of each cell line was measured by the MTT cell viability assay. Initially the
cells were visualized under microscope at 6h, 12h, 24h, 48h, and 72h post-
transfection to observe any changes in the morphology of the transfected cells. The
highest level of transfection, as shown by greatest reduction in cell viability, was
observed in all cell lines by using a transfection complex of 1ul HiPerFect
transfection reagent with 50nM (125ng) siRNA (Figure 3.58). The ECso values of
transfected siRNA were calculated in each cell line (Table 3.22). These results
suggest that the AllStars Cell Death positive control works as a suitable positive
control for transfection and HiPerFect is a suitable transfection reagent for small
RNAs for all of the cell lines in this study.
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Figure 3.58: The absorbance of the MTT assays of various concentrations of
transfected siRNA. Effect of various concentrations of AllStars Cell Death positive
control on transfection validation in several cancer cell lines, each cell line was
incubated with varying concentrations of AllStars Cell Death positive control (12.5,
25, and 50nM) for 72h at 37°C, 5% CO2 and 100% humidity, and assayed for cell
viability by the MTT assay, Values are the means of n = 3+SEM.
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Table 3.22: Effect of AllStars Cell Death positive control on transfection
validation in several cancer cell lines. Cells were incubated with 1ul HiPerFect
transfection reagent and 50nM (125ng) siRNA for 72h at 37°C, 5% CO2 and 100%
humidity, and assayed for cell viability by the MTT assay, ECso values of transfected
siRNA were calculated. Values are the means of n = 3+SEM.

NO. Cell line ECso

(NM)+SEM
1 ZR-75-1 38.34+1.76
2 HelLa 36.32+0.69
3 A375 30.66+0.83
4 LNCaP 24.30+£0.51
5 A2780 16.61+1.70
6 PANC-1 31.60+0.50

3.8.2.1.2 Transfection examination by AF488-labelled AllStars Negative Control
SIRNA

AllStars Negative Control sSiRNA was used for assessment of the transfection method
and to determine the optimal conditions for maximum transfection efficiency. The
cellular uptake of AF488-labelled AllStars Negative Control sSiRNA was assessed in
each cell line using various concentrations of siRNA and different volumes of
transfection reagent at time course study was initially carried out at 6h, 12h, 24h,
48h, and 72h post-transfection. As shown in Table 3.23, the highest level of
fluorescence was observed with cells transfected with 150ng AF488-labelled Allstars
Negative Control siRNA and 12ul HiPerFect, 72h after transfection. This result
suggests that the optimum transfection can be achieved after 72h of transfection with
150ng siRNA and 12ul HiPerFect in all the cell lines.
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Table 3.23: Transfection validation using AllStars Cell Death positive control in
several cancer cell lines. Fluorescence microscopy of several cancer cells 72h after
transfection with Alexa fluorescent AF488-labelled AllStars Negative Control
siRNA. The cell lines were treated with the following: 1) 75ng siRNA with 6pl
HiPerFect; 2) 75ng siRNA with 12ul HiPerFect; 3) 150ng siRNA with 6pl
HiPerFect; 4) 150ng siRNA with 12ul HiPerFect.
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3.8.3 Expression of PRLR mRNA after transfection of miR-167 mimic into several

human cancer cell lines

To evaluate the possible regulation of PRLR expression by miR-167, several cancer cell
lines were transfected with miR-167 mimic and processed as described in Methods
Section 2.8.8.2.

As shown in Figure 3.59, transfection of ZR-75-1 cells with miR-167 mimic resulted in
a significant (p = 0.01) up-regulation of the expression of PRLR mRNA by 4.05+0.41
fold compared to non-transfected cells. It has been reported that PRLR is involved in
breast cancer development and the majority of human breast tumours have higher PRLR
levels than surrounding normal mammary tissues (Pierce and Chen, 2001). The
overexpression of PRLR mRNA may induce abnormal proliferation of breast epithelium
(Pan et al., 2007).

In contrast, transfection of miR-167 mimic into A375 cells induced down-regulation in

PRLR mRNA expression by 5+0.05 fold, compared with the control (cells only).

The expression levels of PRLR mRNA in HeLa and LNCaP cells were similar before
and after transfection with miR-167 mimic, suggesting that there was not significant
impact of miR-167 mimic on the expression profile of PRLR mRNA in both these
cancer cell lines (P > 0.05).

The effect of HiPerFect reagent alone on the expression profile of PRLR mRNA was
assessed in all tested cell lines. It was close to the control in each cell line (fold change
from 0.86 to 1.98). This indicated that this transfection reagent did not significantly (P >
0.05) affect the expression level of the target gene (PRLR).
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Figure 3.59: The effect of miR-167 mimic on PRLR mRNA expression in several
human cancer cells. Each cell line was incubated with a transfection complex of 150ng
miR-167 mimic and 12ul HiPerFect for 72h at 37°C, 5% CO,, and 100% humidity.
Total RNA was prepared from the cells. After reverse transcription, quantitative real-
time PCR analysis was performed on the cDNA using selected primers for PRLR.
Relative expression levels of PRLR mRNA transcripts were normalised to the reference
gene PPIB using the AACt method. All values showed in the histogram represented as
log2 fold change compared to the control group average of 1. VValues are the means of n
=3+ SEM. *P < 0.05 versus control.
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3.8.4 Expression of PRLR mRNA after transfection of C. colocynthis total RNA

sample into several human cancer cell lines

This experiment was performed to assess whether the isolated C. colocynthis RNA
sample, containing miR-167 amongst others, had a similar effect on PRLR expression
as the miR-167 mimic in the tested cancer cell lines. Cancer cells were transfected with

plant total RNA sample and processed as described in Methods Section 2.8.8.3.

Figure 3.60 shows a preliminary result of transfection of human cancer cell lines with a
C. colocynthis total RNA sample. There was a down-regulation of PRLR mRNA
expression in ZR-75-1 after transfection of 150ng of total RNA showing a 1.31 fold
change. While an up-regulation of 0.36 fold of PRLR mRNA was observed after

transfection of 300ng of plant total RNA compared to the control cells.

After transfection of 150ng of total RNA into HelLa cells, there was an up-regulation of
PRLR mRNA expression compared to the non-transfected HelLa cells (a 6.06 fold
increase in expression). A similar up-regulation effect was observed when the cells were
transfected with 300ng of plant total RNA, but with lower fold change of 1.81 when

compared to the control cells.

Transfection of LNCaP cells with 150ng of plant total RNA caused a 1.72 fold drop in
PRLR mRNA expression. In contrast, a 300ng of total RNA up-regulated PRLR mRNA

expression by 7.31 fold compared to non-transfected LNCaP cells.

A 3.97 fold up-regulation of PRLR mRNA expression was observed in A375 cells when
transfected with 150ng of total RNA. While transfection of the same cells with higher
concentration (300ng) of total RNA resulted in reduction of PRLR mRNA expression

by 2 fold compared with non-transfected cells.

Compared with the control, there were no noticeable differences observed with the use
of HiPerFect reagent alone on the expression profile of PRLR mRNA in all tested cell

lines.
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This initial observation gives an indication that the complex nature of C. colocynthis
total RNA sample with hundreds of different miRNAs present in the sample, and
possible extraction carry-over contaminants could cause cellular responses which could
not be attributed to miR-167 alone. The obtained result requires further validation as
the data were from an individual experiment. Also, further work is needed to assess if
the results are indicating general toxicity.
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Figure 3.60: The effect of C. colocynthis total RNA sample on PRLR mRNA
expression in several human cancer cells. Each cell line was incubated with two
different concentrations (150 and 300ng) of RNA sample for 72h at 37°C, 5% CO. and
100% humidity. Total RNA was prepared from the cells. After reverse transcription,
quantitative real-time PCR analysis was performed on the cDNA using selected primers
for PRLR. Relative expression levels of PRLR mRNA transcripts were normalised to the
reference gene PPIB using the AACt method. All values showed in the histogram
represented as log2 fold change compared to the control group average of 1. The figure

represents the data from one individual experiment.
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3.9 Plant genotyping

3.9.1 Plant genomic DNA isolation

Purified plant genomic DNA samples isolated using the GenElute™ Plant Genomic

DNA Miniprep Kit were assessed spectrophotometrically (Table 3.24).

A260/230 ratios may be due to salt carry-over contamination in the sample.

Table 3.24: DNA yields from plant samples.

sample Name DNﬁl ;)'e'd 260/280 ratio | 260/230 ratio
sample1 |  109.60 1.81 1.65
T. aphylla
Sample 2 12.68 0.98 0.25
C. colocynthis Sample 1 112.84 1.84 1.43
sample2 | 36.20 1.80 0.64

3.9.2 The Inter-Simple Sequence Repeat-PCR (ISSR-PCR)

Low

As plant samples used in this study were collected from different places, ISSR-PCR

was carried out to characterise and evaluate the genetic diversity between two

samples of each plant (T. aphylla and C. colocynthis) to ensure that the plant samples

tested were of the same species. Each ISSR marker was repeated twice separately to

confirm the result of the ISSR band patterns. The molecular profile generated by

each ISSR primer used is presented in Figure 3.61A was different and showed a

mixed pattern of variability in both samples of T. aphylla. In Figure 3.61B, the

primer (A) showed less variation between two samples of C. colocynthis comparing

with other ISSR markers.
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As shown in Figure 3.61 A & B, there was variation of the intensity of the bands that
can influence the reproducibility of ISSR reactions. Band variation is attributed to
various issues such as integrity, quality and quantity of template DNA (Wolff et al.,
1995). Working with degraded DNA in ISSR-PCR produced faint or no DNA bands
when fractionated by electrophoresis in an agarose gel and affected the results. This
concern about ISSR efficacy could be resolved by using fresh plant material to
ensure extraction of intact nucleic acid. Also by standardising the quantity of
template DNA used in each PCR reaction. For example, using insufficient of DNA
quantities across PCR reactions could result in inconsistent concentrations of PCR
amplification products, affecting band intensities and compromise the banding

pattern in the ISSR experiment.
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A UBC807 UBCS816 TUBC845 UB(C849 UBCS801

M NC sl s2 sl s2 sl s2 sl s2 sl S2

B UBC807 UBC816 UBC845 UBC849 UBC801

M NC s] s2 sl s2 sl s2 sl 82 1 s2

Figure 3.61: ISSR marker profiles obtained from (A) T. aphylla and (B) C.
colocynthis. Lane 1 (M): HyperLadder 100bp (Bioline) (100 - 1013 bp); Lane 2
(NC): H20 blank negative control; lane 3,5,7,9 and 11: sample 1; lane 4, 6,8,10 and
12: sample 2. ISSR amplification products were produced using primers;
UBC(9)807 , UBC(9)816 , UBC(9)845 , UBC(9)849, UBC(9)801 and separated on
0.3% (w/v) agarose gel.

200



Chapter 4 Discussion
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4.1 Phytochemistry and biology

One of the aims of this project was to investigate whether the potential anti-cancer
property of camel milk and urine is derived from plants eaten by the camels as
fodder, which may be a source of therapeutically active compounds which could
transfer to the milk and urine to provide potential medicinal agents. Therefore,
isolation and identification of bioactive compounds from the plants was carried out
followed by an investigation to see if the presence of any of these compounds or their

metabolites could be found in camel milk and urine.

The phytochemical investigation was carried out on R. epapposum, A. spinosus, T.
aphylla and C. colocynthis as these are commonly found in camel fodder. The
isolated compounds in sufficient quantities were then evaluated for potential
cytotoxicity against the following cancer cell lines; LNCaP, HeLa, PANC-1, A375,
A2780, ZR-75-1 and a normal cell line (PNT2).

Fractionation of the methanol extract of T. aphylla led to the isolation of simple
phenolic cinnamate compounds; TA-1 which was a mixture of two compounds trans-
coniferyl alcohol-4-O-sulphate and trans-coniferyl acetate-4-O-sulphate (TA-1a and
TA-1b) and isoferulic acid-3-O-sulphate (TA-2), 37, 4°, 5, 7-tetrahydroxyflavone
(TA-3) and the amino acid N-methyl-4-hydroxyproline (TA-4). In this study, the
cytotoxicity screening of the isolated compounds (Results Section: 3.5.2.1) showed
cancer cytotoxicity of the compounds; TA-1 against A375 (melanoma) cell line
(ECso= 25.18+1.5pg/ml) and TA-3 against HelLa (cervical) cells (ECso
=86.50+0.51uM). While the compound TA-2 did not show any activity against the
tested cancer cell lines. The cytotoxicity assessment of TA-4 was not carried out

because of low yield.

Compound TA-1a had previously been isolated from the stem bark of T. gallica, T.
Africana and T. bobeana (Toméas-Barberan et al., 1990) and from the leaves of T.
nilotica (Abouzid et al., 2009). Trans-coniferyl alcohol-4-O-sulphate was tested by
Abouzid et al. (2009) for its in vitro antioxidant activity using a DPPH radical
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scavenging assay and did not show any activity. No other studies have described any
bioactivity of this compound, whereas TA-1b has not been reported before. This
mixture showed cytotoxic activity to the tumour cell line (A375) when compared
with the non-tumour cell line (PNT2). Therefore, it was thought that separation of the
two compounds could therefore help with development of an anti-cancer therapeutic.
Compounds TA-1a and TA-1b are simple phenolic cinnamate compounds and these
types of compound are widely reported for many health benefits such as anti-
inflammatory, antibacterial, antiproliferative, anticarcinogenic and antioxidative
activities (Cheng et al. 2007). For example, ferulic acid and its derivatives such as
ferulic acid ethyl ester have demonstrated potent antioxidant activity in both in vitro
and in vivo systems. Similarly, caffeic acid and some of its derivatives such as
rosmarinic acid and phenethyl ester exhibit antioxidant activity (Kumar and Pruthi,
2014). Therefore, it would be a useful idea to examine TA-1a and TA-1b against the

above biological activities.

While different purification methods were applied to attempt to separate this mixture,
such as Sephadex column, preparative TLC, Biotage flash system and Reveleris®
Prep Purification System, all of these methods failed to separate the mixture. Further
work is required to separate the mixture of TA-1la and TA-1b to isolate the pure
compounds in sufficient quantities, using another purification method such as High
Performance Liquid Chromatography (HPLC), so that physical data for the pure
substances can be obtained (e.g. melting point) and to enable biological tests to be
carried out on the pure compounds. In addition, analysis of the milk and/or urine
samples using LC-MS to check if any of these compounds or their metabolites exist
in the milk or urine would be important. Furthermore, in the case of the presence of
these compounds in camel milk, it could be that they work as natural preservatives to
the milk thus performing antibacterial and antioxidant tests would be appropriate.
Therefore, further investigation needs to be done in this regard to examine the
potential biological activity of these compounds. In addition to antibacterial and
antioxidant activities, it was reported that T. aphylla posesses anti-inflammatory
activity (Vadlapudi et al., 2009; Yokosuka and Algasoumi, 2011).
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Compound TA-2 was isolated for the first time from T. aphylla leaves and it was
isolated previously from the flower of T. amplexicaulis (EI Moussallami et al.,
2000). TA-2 did not exhibit cell toxicity against the cancer cell lines used in the
present study. There are no previous reported biological activities of this compound.
Thus for future work, screening of this compound for various biological activities

needs to be carried out.

TA-3 was previously isolated from T. aphylla leaves (Mahfoudhi et al., 2014). It
showed different biological activities such as antibacterial, antioxidant,
hepatoprotective, anti-cancer and anti-inflammatory, anti-allergic, and antiviral
activities (Kawai et al., 2007; Lopez-Lazaro, 2009; Yadav et al., 2013). The
flavonoid luteolin has also previously been tested against Mycobacterium
tuberculosis Hz7Rv and showed strong activity with a MIC of 25ug/ml (Yadav et al.,
2013). In addition, the anti-methicillin-resistant Staphylococcus aureus (MRSA)
activity of luteolin has been previously reported with inhibition against some clinical
MRSA strains (MICs= 64pg/ml) (Qiu et al., 2011). In this study, TA-3 exhibited
cytotoxic activity against HeLa cells (86.50£0.5uM) compared with the normal cell
line (PNT2). Luteolin did not show cell cytotoxicity up to 100uM in PANC-1,
A2780, LNCaP and A375 cells. In contrast with this result, Chiu and Lin (2008)
demonstrated that luteolin can target the androgen receptor (AR) causing down-
regulation of AR expression followed by inhibition of cell proliferation and
induction of apoptosis in LNCaP cells and in a xenograft tumour model. Various
studies have demonstrated the anti-cancer property of luteolin in several cancer cell
lines through different mechanisms including; the induction of apoptosis and cell
cycle arrest, and the inhibition of metastasis and angiogenesis, including the A549
non-small lung cancer cell (Cai et al., 2011), through a caspase-dependent
mechanism in human epitheliod cancer (Attoub et al., 2011), human oesophageal
adenocarcinoma (Zhang et al.,, 2008) lung cancer cells (NCI-H460) through
Sirtl-mediated apoptosis (Ma et al., 2015). Moreover, luteolin causes inhibition of

the extracellular signal-regulated kinase (ERK) signaling pathway in human mast
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cell HMC-1 (Kang et al. 2010), prostate cancer (Xavier et al., 2009), colorectal
cancer (Yamaguchi et al., 2011), lung cancer (Kim et al., 2007) and human
hepatoma HepG2 cells (Lee et al., 2006). Xu et al. (2016) revealed that the
combination of luteolin with the chemotherapeutic drug 5-fluorouracil could
synergise the antitumour effects of 5-fluorouracil on hepatocellular carcinoma cells
(HepG2 and Bel7402), which improved tumour protein p53 (tumour suppressor)
expression and decreased the dihydropyrimidine dehydrogenase which is involved in
the degradation of 5-fluorouracil. In contrast with our result, a recent study
conducted by Han et al. (2016) investigated the effect of luteolin on PC3 and LNCaP
prostate cancer cells. The results demonstrated that luteolin inhibited cell
proliferation and induced apoptosis through down-regulation of miR-301 by
increasing the expression of death effector domain-containing protein 2 (DEDD?2),
potent inducers of apoptosis in various cell types. This difference in the results could
be due to a different assay used by Han and colleques to measure cell viability in
which they used a CCK-8 assay rather than the AlamarBlue® assay used in the

present study.

TA-4 was identified as N-methyl-4-hydroxyproline and this is the first report of this
compound from T. aphylla. This compound was isolated previously from the
dichloromethane extract of Trichilia lepidota leaves (Pupo et al., 2002) and the red
alga Chondria coerulescens (Sciuto et al., 1983). It was not possible to screen this
compound for cytotoxicity due to the limited quantity available. Increasing the initial
amount of the plant is required to improve the compound yield followed by further
work to purify this compound as it has minor impurities which may also be
interesting. However, the political unrest in Libya and the limited time prevented this
from being carried out in the present work. There are no previous reports
demonstrating any biological activity for this compound. However, N-methyl amino
acids have shown a potential role in prevention or therapy of Alzheimer's disease or
the physiological symptoms of this disease such as neurofibrillary tangles and
amyloid plaque by decreasing neuritic plaques composed of fibrillar beta-amyloid
(Gordon et al., 2001).

205


https://en.wikipedia.org/wiki/5-fluorouracil

Fractionation of T. aphylla hexane and ethyl acetate extracts was performed using
column chromatography. The *H NMR spectra of both extracts showed signals
suggesting the presence of mixtures of triglycerides and fats. No literature has

reported phytochemicals from the hexane and ethyl acetate extracts of T. aphylla.

Chromatographic separation of the methanol extract of A. spinosus leaves resulted in
the isolation of four compounds; pinitol (AS-1), cycloartane-type triterpenoids;
cycloastragenol (AS-2) and its glycoside cycloastragenol-6-O-glucoside (AS-3), and
maackiain (AS-4). This is the first report of AS-1 and AS-4 from A. spinosus while,
AS-2 and AS-3 were isolated previously from this plant. The cytotoxicity screening
was performed only on AS-1 due to the inadequate quantities of the other
compounds. AS-1 did not show any cytotoxic activity against tested cells. AS-1 has
been shown to act as a hypoglycemic agent in mice and its ability to treat symptoms
associated with diabetes because of its insulin-like property (Mijares et al., 2013;
Gao et al., 2015). It has been shown to possess an insecticidal effect on the larval
growth of Heliotis zea, Aedes aegypti and Culex quinquefasciatus (Chaubal et al.,
2005). It is also reported to have antiviral (Zhan et al., 2006), larvicidal (Chaubal et
al., 2005), anti-inflammatory (Singh et al., 2001), antihyperlipidemic (Geethan et al.,
2008), cardioprotective activities (Kim et al., 2005) and it causes inhibition of the T
helper cell-1 response (Lee et al., 2007). Additionally, Rengarajan et al. (2011)
reported a protective role of pinitol against 7, 12 dimethylbenz (a) anthracene
(DMBA) induced breast cancer in rats. Existence of such a compound with the above
bioactivities in camel feed could be associated with the therapeutic activities of

camel milk and urine claimed by the Bedouins.

Compounds AS-2 and AS-3 belong to cycloartane-type triterpenoids, the main
compounds encountered in the Astragalus genus with a characteristic cyclopropane
moiety in the ring of C-9, C-10 and C-19 which is absent in most common
triterpenoids such as oleanane- or ursane-type triterpenoids (Vincken et al., 2007).

The cycloartanoid compounds have shown various biological activities such as

206



hepatoprotective, wound healing, antineoplastic, diuretic, tonic and antiallergic
activities (Yesilada et al., 2005; Boroujerdnia et al., 2011; Sevimli-Gdr et al., 2011,
Nalbantsoy et al., 2012). These cycloartanoid compounds with a set of biological

activities could be directly connected to the therapeutic uses of camel products.

Cycloastragenol (AS-2) is the main aglycone of many cycloartane-type glycosides
and has been identified from various species of Astragalus. Cycloastragenol is a
strong antioxidant and was also shown to extend T cell proliferation by increasing
telomarase activity in vivo and in vitro and thus delaying the on-set of cellular aging
(Valenzuela et al., 2009; Weiss and Weiss, 2014). Also, Ip et al. (2014) revealed the
potential role of cycloastragenol as antidepressant treatment. The authors
demonstrated that the compound has the ability to stimulate telomerase activity in
human neonatal keratinocytes and rat neuronal cells, and induces cCAMP response
element binding (CREB) activation in neuronal cells followed by telomerase reverse
transcriptase (TERT) and B-cell lymphoma 2 (bcl2) expression indicating its role as
a potential treatment for depression. In addition, Sevimli-Gir et al. (2011) revealed
that cycloastragenol possessed in vivo wound healing properties and was found to
stimulate fibroblast growth in vitro. Furthermore, Zhao et al. (2015) investigated the
role of cycloastragenol in regulation of endothelial homeostasis in the setting of
endoplasmic reticulum stress (ER stress). The authors demonstrated that
cycloastragenol protected endothelial homeostasis by suppression of ER stress-
associated  thioredoxin-interacting  protein/NOD-like  receptor  protein 3
(TXNIP/NLRP3) inflammasome activation.

The compound AS-3 was identified as cycloastragenol-6-O-glucoside also called
cycloastragenol monoglycoside. The biological activities of this compound have still
to be investigated. However, cycloartane glycosides have a wide range of therapeutic
activities (mentioned below) and it will be worthwhile evaluating the potential
biological activities of this compound. Astragalus species are rich in cycloartane-type
triterpene glycosides that possess various biological activities including AIDS

antiviral activity in some cycloartane glycosides such as astragaloside Il (Abdallah et
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al., 1993; Gariboldi et al., 1995), antioxidant activity (Tsaruk et al., 2010; Denizli et
al., 2014) and astragaloside I which showed immunostimulant effects on macrophage
activation and expression of inflammatory cytokines (Bedir et al., 2000). Some
cycloastragenol glycosides are reported to act as modulators of lymphocyte
proliferation (Verotta et al., 2002) and a number of cycloartane glycosides, including
cyclocanthoside E and astragaloside Il are reported to exhibit trypanocidal activity
against Trypanosoma brucei and leishmanicidal effects against Leishmania donovani
with 1Cso values ranging from 13.2 to 21.3ug/ml (Ozipek et al., 2005). Cycloartane
glycosides are also reported to have cytotoxic effects against many human cancer
cell lines including hepatocarcinoma (SMMC-7721), breast cancer (MCF-7), colon
adenocarcinoma (SW480), liver carcinoma (HepGz2), and gastric cancer cells (SGC-
7091) (Yokosuka et al., 2010; Wang et al., 2015; Zhu et al., 2015; Wu et al., 2016),

that indicates the importance of these compounds as a source of antitumour agents.

Compound AS-4 was identified as a pterocarpan compound (maackiain) which was
isolated from the roots of Maackia amurensis (Matsuura, et al., 1994) and this is the
first report of maackiain from A. spinosus. Pterocarpans are isoflavonoid derivatives
that mainly exist in leguminous plants and soybean (Glycine max) (Vitch, 2007;
Shibata and Dastmalchi and Dhaubhadel, 2014). They are reported to have several
bioactivities including anti-cancer, antoxidant, antimicrobial and antifungal effects
(Honda and Tabata, 1982; Maximo et al., 1998; Yuearatanechemuge et al., 2004;
Jiménez-Gonza'lez et al., 2008). Due to the low yield of this compound, the
cytotoxicity assessment was not carried out in this work. One study conducted by
Yuearatanechemuge et al. (2004) examined cytotoxicity of maackiain and showed
that it induced apoptosis in human promyelocytic leukemia (HL-60) cells. Another
study by Mizuguchi et al. (2015) demonstrated strong cell toxicity of maackiain on
HelLa cells at a concentration of 30uM whereas no cytotoxicity effect was shown on
basophilic leukemia (RBL-2H3) cells at higher concentration of 150uM. A recent
study supports the cytotoxicity effect of maackiain against several human
reproductive system cancer cell lines (Yoon et al., 2016). This study revealed potent

cytotoxicity against the following cancer cells; HelLa (21.33+0.04uM), ovarian
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carcinoma (OVCAR-3) (36.12+0.43uM), LNCaP (>100), and prostate cancer (PC-3)
(>100) (Yoon et al., 2016). In addition, the antioxidant activity of maackiain was
evaluated by Jung et al. (2005) using the (1, 1-diphenyl-2-picrylhydrazyl) DPPH
radical scavenging activity assay and revealed no activity at the highest concentration
(100pM). Mizuguchi et al. (2015) evaluated the effect of maackiain in toluene 2, 4-
diisocyanate (TDI)-sensitised allergy model rats and revealed the anti-allergic
property of maackiain for first time. This study suggested that the compound can
improve the allergic symptoms through the inhibition of histamine H: receptor (H1R)
and interleukin (IL)-4 gene expression. Furthermore, an earlier study demonstrated a
strong antifungal effect of maackiain against Monilinia fructicola (Winter) Honey
(Perrin and Cruickshank, 1969). It also demonstrated an inhibitory effect on the
growth of plant pathogens including Pythium graminicola which infects cereals
(Yagi et al., 1993) and can inhibit Fusarium oxysporum growth which infects
chickpea (Cicer arietinum) one of the main food sources for human and domestic
animals (Stevenson et al., 1997). This potent antifungal activity could be attributed to
the fact that the lipophilic nature of the compound can allow it to penetrate more
easily through the fungus membranes (Harborne, 1978). No compounds were
separated from the fractionation of A. spinosus hexane extract and the 'H NMR
spectrum of this crude extract displayed signals that indicated the existence of the

mixture of fats.

Fractionation of the methanol and ethyl acetate extracts of C. colocynthis leaves was
carried out and led to identification of two compounds; cucurbitacin E (CC-1) and
cucurbitacin E-2-O-B-D-glucoside (CC-2) (Results Section 3.3.1 and 3.3.2). Both
compounds have previously been reported from C. colocynthis fruits and leaves
(Lavie et al., 1964; Hatam et al., 1989; Chawech et al., 2015). Cucurbitacins and
their glycosides are triterpenoid steroids isolated initially from plants of the
Cucurbitaceae family (Tannin-Spitz, 2007; Wakimoto et al., 2008) and also have
been reported in other plant families such as Scrophulariaceae and Brassicaceae
(Greige- Gerges et al., 2007; Kaya and Melzig, 2008). They are reported to have a

wide range of biological activities such as anti-inflammatory, analgesic,
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antimicrobial, antihelminthic, antitumour, antioxidant, free radical-scavenging,
antiproliferative, hepatoprotective and cardiovascular in vitro and in vivo (Agil et al.,
1999; Jayaprakasam et al., 2003; Blaskovich et al., 2003; Chen et al., 2005b). In this
study, these compounds were evaluated for in vitro cytotoxic activity on several
human cancer cell lines and one normal cell line. The results (Section 3.5.2.1)
revealed that one of the isolated compounds (CC-2) presented specific cytotoxic
activity towards A375 (58.00+1.20uM), A2780 (62.27+1.76uM) and ZR-75-1
(55.25£1.15uM) cell lines while CC-1 showed cytotoxicity against HelLa
(85.11+£1.20pM) and was also found to be toxic to normal cells (PNT2)
(73.61£1.26uM). Although CC-1 was investigated previously for its antitumour

activity, no data were presented for the cell lines used in the present work.

A study by Bartalis and Halaweish (2005) evaluated the cytotoxic effect of CC-1 and
showed that its activity is related to its structure and demonstrated that the
cytotoxicity increased linearly with hydrophobicity and proposed that lipophilicity
increases the basal toxicity of cucurbitacins on tumour cells. Compound CC-1 has
been reported to possess various bioactivities such as anti-inflammatory
(Abdelwahab et al., 2011; Qiao et al., 2013), immunomodulatory action on
peripheral human lymphocytes, and  antitumour activity through different
mechanisms (Sun et al., 2010; Dong et al., 2010; Zhang et al., 2012b; Qiao et al.,
2013; Lan et al., 2013). Recent studies have demonstrated that CC-1 has growth-
inhibitory effects on the proliferation of many cancer cells such as bladder cancer,
hepatocellular carcinoma, pancreatic cancer, breast cancer (Zhang et al., 2012b; Lan
et al.,, 2013; Kong et al., 2014), leukaemia (Sorensen et al., 2012), the
chondrosarcoma SW 1353 cell line (Abbas et al., 2013) and oral squamous cell
carcinoma (Hung et al., 2013).

Lee et al. (2010) have suggested the use of cucurbitacins in combination with known
chemotherapeutic agents to obtain the same therapeutic effect with lower chemo
doses and less toxicity because of their nonspecific toxicity. An in vitro evaluation of

cytotoxic activity of compound CC-2 against human hepatocellular carcinoma
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(HepG2) cells revealed that it had cytotoxicity with an ICso of 226.7uM (Bartalis and

Halaweish, 2005). Also, this compound was reported to have an insecticidal effect

against Aphis craccivora (Torkey et al., 2009).

Silica gel CC was applied to fractionate R. epapposum hexane extract and led to
isolation of eudesmane-type sesquiterpene lactone (RE-1). The ethyl acetate and
methanol extract fractionation of the leaves of R. epapposum led to the isolation and
characterisation of three compounds; chlorogenic acid (RE-2), 3,4 dicaffeoylquinic
acid (RE-3) from ethyl acetate extract, and a mixture of two flavonoids (RE-4a& b)
from the methanol extract. All of the isolated compounds in this study were

identified for first time from R. epapposum.

RE-1 was identified as 2-hydroxyalantolactone, a sesquiterpene lactone and it was
previously isolated from the same plant family from the aerial parts of the
Francoeuria crispa and Inula helenrum (Al-Yahya et al., 1984; Vajs et al., 1989). In
this work, no cell cytotoxicity was shown up to 100uM of RE-1 on the other tested
cancer cell lines. Al-Yahya et al. (1984) revealed borderline cytotoxic activity of this
compound against murine P-388 lymphocytic leukemia. In the same study, the
antimicrobial activity of RE-1 was screened against S. aureus, E. coli, Pseudomonas
aeruginosa, Salmonella sp, and C. albicans and showed slight activity only against S.

aureus.

RE-2 was identified as chlorogenic acid and has been shown to possess a wide range
of biological activities including anti-cancer, anti-inflammatory, antiviral, and
antibacterial. Previous in vitro experiments showed that the anti-cancer activity of
RE-2 comes through different mechanisms including inhibition of cell growth,
regulation of cell cycle, and induction of apoptosis pathways (Xu etal., 2013).
Recently, it was reported that RE-2 had a protective effect on mitochondria in vitro:
RE-2 suppressed mitochondrial membrane depolarisation in H,O»-treated PC-
12 cells (Park etal., 2013). Cha etal. reported that pre-treatment with RE-2
prevented disruption of the mitochondria permeability potential in UVB-irradiated
HaCaT cells (Cha et al., 2014). Chiang et al. (2002) revealed that RE-2 has a strong
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inhibitory effect on adenoviruses (ADV-3, ADV-11) and herpes simplex viruses
(HSV-1, HSV-2). An In vivo experiments carried out by Liu et al. (2016) has
demonstrated the anti-influenza activity of RE-2 by promoting the survival rates
from 40% to 56% in influenza A H1N1 infected mice. In addition, the compound
RE-2 was reported to have antibacterial effect on E. coli, S. aureus and Micrococcus
luteus (Lin et al., 2004). Furthermore, a study in 2013 by Amin et al. revealed that
RE-2 had an inhibitory effect in vitro on collagen-induced platelet aggregation with
an ICso of 0.2363ug/ml, suggesting that RE-2 can be developed as a potential
antiplatelet agent in the treatment of cardiovascular diseases associated with
hypoglycemic activity. Moreover, Shi et al. (2013) found that RE-2 protects against
CClg-induced liver fibrosis through the suppression of an inflammatory signalling
pathway in rats. Another study by Lee et al. (2012) examined the protective effect of
RE-2 on the cardiovascular and central nervous system in a rat model of focal
cerebral ischemia. The results suggested that RE-2 reduces brain damage and brain
oedema by its inhibition effect on matrix metalloproteinase-2 and 9 (MMP-2 and

MMP-9) and radical scavenging activity.

Compound RE-3 was identified as 3, 4-dicaffeoylquinic acid, this class of natural
polyphenolic compound is characterised by two caffeic acid moieties connected to
one quinic acid unit by ester bonds. They exist in many plants, such as coffee
(Moreira et al., 2001), sweetpotato leaf (Yoshimoto et al., 2002), llex brevicuspis
Reisseck (Filip and Ferraro, 2003), Isertia pittieri (Um et al.,, 2002), and
Eleutherococcus senticosus (Tolonen et al., 2002). Ooi et al. (2006) examined the
antiviral activity of RE-3 against respiratory syncytial virus (RSV) cultured in
Human epithelial type 2 (HEp-2) cells. The study revealed that the compound
possessed potent anti-RSV activity (ICso of 0.5ug/ml) when compared to ribavirin
(clinically used antiviral medicine) with an 1Cso of 2.5ug/ml. In the same study the
compound was tested for antibacterial activity against Vibrio cholerae and V.
parahaemolyticus and showed slight antibacterial activity. In addition, Takemura et
al. (2012) evaluated the anti-influnza A virus activities of 3, 4-dicaffeolquinic acid

(RE-3). The authors found that the amount of tumour necrosis factor-related
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apoptosis-inducing ligand (TRAIL) mRNA in mice that were administered the
compound was significantly increased compared to the control group, while HIN1
hemagglutinin (HA) mRNA was slightly decreased. These data indicate that RE-3
possesses a novel and unique mechanism of anti-influenza viral activity that may be

useful as a potent lead compound for an anti-influenza medicine.

Compound RE-4 was identified as a mixture of two flavonols; 3°,4°,5,7-
tetrahydroxy-3,6-dimethoxyflavone (axillarin) (RE-4a) was previously isolated from
the same plant family from the aerial parts of Laggera tomentosa (Gebreheiwot et
al., 2010) while 3°,4°,5,6-tetrahydroxy-3,7-dimethoxyflavone (Tomentin) (RE-4b)
and was previously isolated from Chrysosplenium tetrandrum (Saxifragaceae).
Beutler et al. (1993) carried out in vitro cytotoxicity screening of RE-4a against
HelLa, MCF-7 breast cancer cells and haxiluman epidermoid carcinoma cells (A431).
The study revealed that the compound inhibited the proliferation of HeLa cells (ICso
26.91+2.70uM) and was found to be inactive against the other tested cell lines. The
evaluation of antioxidant activity of axillarin was carried out by Park et al. (2000).
The compound showed strong antioxidant activity in a DPPH assay (ICso of
10.1pg/ml) and cytochrome-c reduction assay (ICso of 10.1ug/ml) using HL-60 cells.
In addition, Moscatelli et al. (2006) demonstrated slight anti-inflammatory effects of
axillarin by studying the potential inhibitory activity of it on the generation of
inflammatory mediators in a mouse macrophages (RAW 264.7) cell line stimulated
with lipopolysaccharide. Moreover, neuroprotective activities were evaluated by
monitoring the viability of primary cultures of rat cortical cells from oxidative stress
induced by glutamate in DPPH and MTT assays. The studies demonstrated that
axillarin strongly protected the rat cortical cells from oxidative stress induced by
glutamate (Park et al., 2000; Kim et al., 2002; Khan et al., 2010). No studies have
described any bioactivity for compound RE-4b. However, flavonoids have been
intensively studied and they reported to have a variety of biological activities such as
anti-inflammatory, antimicrobial and antioxidant (Guardia et al., 2001; Ross and
Kasum, 2002; Kitamura, 2006; Hamalainen et al., 2007).
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The results obtained in the present work included successful isolation and
identification of bioactive compounds from selected desert plants and a preliminary
screening of their cytotoxic activity on tumour and non-tumour cell lines. On the
basis of the results discussed above, it can be concluded that the investigated desert
plants used in camel fodder are a rich source of valuable bioactive compounds that
are well documented to treat a wide range of diseases. Thus grazing camels on such
plants could add a therapeutic value to camel milk and urine through the excretion of
the plant active compounds or their bioactive metabolites to camel biological fluids

followed by producing a positive effect on the consumer’s health.

However, knowledge of bioavailability and pharmacokinetics of the isolated
compounds is required to assess the potential impact of these compounds and their
metabolites in human health and disease. Also, the isolation and characterisation of
bioactive metabolites existing in camel milk and urine samples is necessary, but the
political situation in Libya for the past few years and inadequate samples of camel
milk and urine prevented this from being carried out fully in the current work. This
could be carried out using techniques such as NMR, LC-MS and Gas
chromatography—mass spectrometry (GC-MS) (Bouatra et al., 2013; Sundekilde et
al., 2013).

In some cases, the biological actions of some metabolites are different from the
biological effects of their parent compound. One example is polyphenolic
compounds such as chlorogenic acid (RE-2) and 3, 4-dicaffeoylquinic acid (RE-3);
these two compounds have anti-influenza activity ex vivo (Urushisaki et al., 2011),
but both of them have no anti-influenza activity in vivo. This may occur due to
differences in the pharmacokinetic properties of these compounds in vivo (Takemura
et al.,, 2012). Sato et al. (2011) found that the protective effect of RE-2 against
ischemia—reperfusion injury was mainly attributed to the effect of its major
metabolite (caffeic acid) which has a stronger antioxidant activity than that of RE-2
itself.
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Saade et al (2009) studied the metabolism of cucurbitacin E (CC-1) in vitro and this
study revealed rapid hydrolysis of this compound in neutral, basic, and acidic
solutions as well as in human plasma associated with the detection of the active
metabolite, cucurbitacin 1. Several reports have evaluated the therapeutic properties
of CC-1 (Duncan et al., 1996; Momma et al., 2008; Sorensen et al., 2012; Abbas et
al., 2013; Feng et al., 2014) and its deacylated form cucurbitacin I (Blaskovich et al.,
2003; Kester et al., 2008; Su et al., 2008). CC-1 was reported to have a high
hydrophobicity and cytotoxicity when compared with its metabolite (Bartalis and
Halaweish, 2005). Saade et al. (2009) compared cytotoxicity of CC-1 and
cucurbitacin I against a number of tumour cell lines and revealed that 1Cso values of
CC-1 and cucurbitacin I were, respectively, 0.34 and 2.14 mg/ml in NUGC-3, 0.08
and 0.89mg/ml in HONE-1 (Wu et al., 2004), and 15.3 and 15.8 mg/ml in HepG2
cells (Bartalis and Halaweish, 2005). The authors concluded that both compounds
showed high cytotoxity and CC-1 was more potent as it showed lower 1Cso than its
metabolite. Additionally, it was reported that the antiproliferative activity of both
compounds on cancer cells comes through different mechanisms; CC-1 inhibits actin
polymerisation causing suppression of cancer cell migration (Duncan et al., 1996;
Momma et al., 2008) while cucurbitacin | strongly suppressed the STAT3 of Janus
kinase selective Janus Kinase/Signal Transducer and Activator of Transcription 3
(JAK-STAT3) signalling pathway (Blaskovich et al., 2003; Kester et al., 2008; Su et
al., 2008).

The metabolism of triterpenes leads to structural modifications that can cause
pharmacological inactivation or cytotoxicity. In a study by Zhang et al. (2007), they
revealed that metabolites of 20-(S)-protopanaxatriol showed strong in vitro
cytotoxicity against human cancer cells, suggesting that hydroxylation at C-28 or C-
29 may increase cytotoxicity while the introduction of a hydroxyl group to C-118, C-

150, or the side chain may decrease the antitumour activity of this compound.

Zhu et al. (2010) studied the metabolic modifications of cycloastragenol (AS-2) in

rat and human microsomes and revealed that the main modification as identified as
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mono-hydroxylation and hydroxylation after oxidisation although the positions of the
modifications were not confirmed because of inadequate structural information
obtained from MS fragmentation. The study reported that after incubation of
cycloastragenol with rat and human liver microsomes, an extensive hepatic
metabolism was observed, suggesting that only a small part of orally administered
cycloastragenol may reach the systemic circulation.

4.2 Molecular biology

This study also attempted to examine some of the miRNAs present in these plants,
camel urine and camel milk, which might be involved in health-promoting activities.
It was also aimed to assess whether these small nucleic acids could pass through the
food chain to humans via camel milk and/or urine where they may regulate human
gene expression. The latter is known as the dietary xenomiR hypothesis (Witwer,
2012). This hypothesis was assessed by Zhang and colleagues (2012a) in which plant
derived miRNAs from dietary sources are transported into blood circulation and then
to target tissues. The authors reported identification of plant miRNA in animals and
they also revealed that miR-168, an abundant plant xenomiR, regulated the
expression of low-density lipoprotein receptor-associated protein 1 (LDLRAP1) in
mice. Thus, miRNAs from exogenous origin could exert the same function as

endogenous miRNAs in gene regulation (Bartel, 2009; Mendell and Olson, 2012).

After the first study by Zhang and colleagues (2012a) which demonstratd that plant
microRNASs are detected in human blood, several researchers tried to further report
those discoveries. Several subsequent studies failed to support the above hypothesis.
Some of these studies failed in detection of plant microRNAs in plant-fed mammals.
For example, Dickinson et al. (2013) detected very low amount of plant-derived
miRNAs in mice plasma and liver without any gene regulation activity when they
repeated the original experiment. Witwer et al. (2013) detected variable amount of
plant miRNAs in blood of two Macaca nemestrina and low amount with two others.
Snow et al. (2013) conducted experiments on humans, mice, and bees to detect plant
microRNAs (miR-156a, miR-159a, and miR-169a) after fruit ingestion. The study
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reported low amounts of plant miRNAS in mice plasma and tissues, and was unable
to detect the same plant miRNAs in the bees or in blood of human athletes.

Other reports assume that the detection of plant miRNAs in human datasets could be
due to contamination with exogenous sequences or cross-contamination between

samples from the same mammalian (Tosar et al., 2014; Zhang et al., 2012c).

However, other publications support the dietary xenomir hypothesis. A study by
Liang et al. (2014) demonstrated the presence of Brassica oleracea miRNAs in the
blood of mice and other organs such as stomach, intestine and spleen, indicating the
ability of these molecules to survive through the gastrointestinal system, and enter
the bloodstream and various organs of mice. Another study conducted by Pastrello et
al. (2016) detected other miRNAs from the same plant in human blood in large
quantities. Yang et al. (2015) reported that miR-2911 is detectable in mice serum and
urine after ingestion of diet containing this plant miRNA.

It was reported that the food-derived miRNAs are able to survive in difficult
conditions such as high RNase activity and in gastrointestinal tract fluids (Shigehara
et al., 2011; Philip et al., 2015). Some studies suggested that these miRNAs exist in a
protective form that is packaged with RNA-binding proteins such as Argonaute2
(Arroyo et al., 2011; Turchinovich et al., 2011), high-density lipoproteins (Vickers et
al., 2011), or enclosed in small vesicles such as exosomes (Valadi et al., 2007; Zhang
et al., 2010b; Mittelbrunn et al., 2011). The bioavailability and robustness of these

molecules support their potential role as extracellular regulators.

The scientefic studies were not restricted on the detection of exogenous miRNAS
only, but they assessed their potential biological effects in the mammalian system.
Zhou et al. (2015) examined the antiviral activity of a plant miRNA, miR-2911,
enriched in Honeysuckle (Lonicera japonica), which has been used for long time in
traditional Chinese medicine to treat influenza infections. The authors demonstrated
the uptake of miR-2911 by gastrointestinal tract after ingestion of the plant
decoction. Also they revealed that this miRNA can transport through bloodstream to
the lungs and then target influenza A virus replication. The results showed that miR-
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2911 suppressed viral infection and directly target different influenza A subtypes in
vitro and in vivo. Pastrello et al. (2016) demonstrated the role of B. oleracea
miRNAs in the regulation of the expression of human proteins and genes in vitro.
They also suggested a possible synergistic effect of these miRNAs with other

Brassica-specific compounds in a potential anti-cancer action.

Recent reports demonstrated a potential role of miRNAs in early detection, diagnosis
and treatment in cancer (Chen et al., 2014b; Schwarzenbach et al., 2014). Mlotshwa
et al. (2015) confirmed the uptake and anti-cancer activity of synthetic tumour
suppressor miRNAs designed to mimic plant-produced miRNAs. They examined the
oral administration of a mixture of three plant-based tumour suppressor miRNAs
along with total plant RNA isolated from Arabidopsis thaliana (L.). The result
demonstrated the uptake of these miRNAs by the digestive tract of mice after
ingestion. It also reported a tumour reduction in a mouse model of colon cancer after
high exposure to dietary RNAs. A slight decrease in tumour burden in the mice
treated with total plant RNA alone compared with control suggested that plant total

RNA might have a therapeutic role.

There are a number of articles illustrating the detection of miRNA in medicinal
plants and their potential impact on mammal metabolism. For example, Gmelina
arborea Roxb. is a medicinal plant in India used to treat abdominal pains, increase
appetite, and act as an antifungal treatment (Dubey et al., 2013). Dubey and colleges
(2013), using computational prediction, predicted six miRNAs from Gmelina
arborea Roxb. could target various mammalian genes that are associated with
different diseases such as diabetes, cancer, and other urinary infections. In another
study, using bioinformatics, twelve miRNAs of Curcuma longa L. were predicted to
have an effect on human gene regulation (Rameshwari et al., 2013). Curcumin is the
active ingredient of this plant and it was reported to show strong anti-inflammatory,
antiviral, antioxidant, and anti-cancer properties in vitro and in vivo. The genes

predicted to be targeted with the miRNAs in this study were linked to several human
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diseases such as cardiovascular disorders, Alzheimer’s disease, cancer, and diabetes

mellitus type Il

Once inside the mammalian body after oral ingestion of plants, plant miRNAs
require a packaging system to survive the extreme conditions inside the body and for
communication between cells (Redis et al., 2012). It was reported that microvesicles,
exosomes, and high density lipoprotein serve as miRNA carriers and protect
miRNAs from degradation (Montecalvo et al., 2012). A study conducted by Ju et al.
(2013) identified for first time, the structure and the composition of exosome-like
nanoparticles derived from grape. The study also demonstrated the role of these
nanoparticles in communication between cells. The authors used grape exosome-like
nanoparticles to demonstrate their transport properties and their biological effect on
intestinal tissue after ingestion. The study revealed that these nanoparticles induce
intestinal stem cell proliferation and prevent dextran sulphate sodium-induced mouse

colitis.

The following section will consist of an evaluation of the methodologies used
throughout the present research work and will be followed by a discussion of the
experimental data obtained in this study and compare it to those from previous

studies.
4.2 Evaluation of RNA Extraction

4.2.1 Evaluation of Plant RNA Extraction

Isolation of high quality total RNA from samples is the most important step in
various molecular techniques such as quantitative RT-PCR, array analysis, northern

analysis, and cDNA library construction (Yockteng et al., 2013).

Plants are a challenge to researchers who need to isolate intact nucleic acids for use
in molecular studies (Sah et al., 2014). Problems encountered include the nature and
composition of plant tissue with molecules such as lignin which make their tissues

difficult to break up. Sampling techniques can have also an effect on yield and
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minimize degradation (MacRae, 2007). Also, the amount of tissue required to
achieve adequate yields of RNA varies according to the material. For example,
tissues with high water content per weight require large amounts of tissue to be
extracted for good yields of RNA. Low concentrations of nucleic acids in the plant
sample will also impact on the ability of isolate good yield of high quality RNA. In
addition, there may be partial or complete degradation of nucleic acid due to using
dried plant material (Garcia-Baldenegro et al., 2015). Furthermore, the presence of
large quantities of naturally occurring polysaccharides, high levels of RNases, and
various phenolics in the plant material can interfere with the isolation process of

nucleic acid (Coana et al., 2010).

In addition, the plants are collected from arid zones and desert plants have a natural
ability to tolerate abiotic stress. This property of desert plants can be attributed to the
presence of high levels of polysaccharides, polyphenols, and other secondary
metabolites (Wang et al., 2011). Therefore, it may be more challenging to obtain
high yields and good quality RNA from desert plants. Moreover, the RNA isolation
method may result in the presence of carry-over genomic DNA in some plant RNA
samples which can lead to an overestimation of RNA quantity. In summary
therefore, RNA isolation procedure must include some important steps before,
during, and after the RNA purification. These steps include sample collection and
appropriate storage; optimal RNA isolation procedures for maximizing the yield and
quality of sample RNA; and appropriate storage of purified RNA samples.

The extraction Kits investigated in this study applied different strategies to overcome
the main challenging issues regarding nucleic acid extraction and to ensure total
RNA of adequate quantity and quality. The RNA yield varied noticeably between the
different RNA isolation procedures ranging from 4 to 472ug of A. spinosus and C.
colocynthis (Results Section 3.6.1, Table 3.16). The highest total RNA yields were
obtained using the following kits; PureLink, PowerPlant, and TRIzol Reagent. While
the Qiagen and Norgen kits showed low total RNA vyields, with Spectrum and

PowerPlant with DNase kits giving the lowest yields. Noticeably, the PowerPlant
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with DNase kit showed much lower RNA vyield ranged from 5 to 14ug compared
with the original PowerPlant method ranged from 283 and 369pg of both plants.

The isolated RNA from the two plants using various extraction methods was assayed
spectrophotometrically and most of the RNA samples gave good Azeo2go and low
Axeo230 Values (Results Section 3.6.1, Table 3.16). Only PureLink and Norgen Kits
showed close to ideal Azso280 and Azeorzso ratios of 2.0. Although, the RNA sample
from Norgen Kit gave Aoeonso ratio of 1.49 and this could be due to salt
contamination carry-over from the isolation method. Both of these extraction
procedures are silica-based column for isolating total RNA from various sources

without the use of phenol.

Most of the other purification kits isolated total RNA of lower purity especially the

Axeo230 Values are significantly low and ranged from 0.07 to 1.49. A low Axeo/230 ratio
is indicative of phenol/guanidine contamination due to inadequate washing steps
(Vogelstein & Gillespie, 1979). These low values could also be attributed to residual
phenol in the final elution from the phenol/chloroform methods. Thus, a further RNA
clean-up step or dilution of the RNA is required to overcome this issue (Deng et al.
2005). Most of the methods evaluated were shown to be clear of protein
contaminants, as the Azsorso ratios were high (>1.9) (Results Section 3.6.1, Table
3.16). However, TRIzol Reagent, Spectrum, PowerPlant, PowerPlant with DNase
kits isolated RNA of low Aozeoze0 Vvalues (from 0.60 to 1.72) indicating the
contamination of these samples. It was noted that the PowerPlant with DNase
showed higher Aaeorgo and Azeor2z0 compared with the original PowerPlant kit. This
indicated that the extra purification step in PowerPlant with DNase kit extracted
RNA from better quality.

According to the spectrophotometric analysis data in this study, the Norgen kit would

be recommended for extraction of A. spinosus and C. colocynthis as it isolated total
RNA of reasonable quantity and quality. The Norgen kit had previously been
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reported to extract total RNA from reasonable quality and quantity from hard plant
tissues such as seeds (Theriault et al., 2016) and roots (Karve et al., 2016).

Assessment of the extracted RNA integrity revealed that most of the isolation Kits
produced total RNA with low quality and indicated by their low 28S to 18S ratios
and low RQI values. However, the column-based approach (PureLink kit) yielded
RNA from A. spinosus and C. colocynthis with better integrity than the other Kits in
this study (Results Section: 3.6.3, Table 3.19). The 28S /18S ratios were 0.86, 0.84
and RQI values were 7.1 and 6.6 for both plants respectively. The other isolation kits
produced total RNA with low 28S to 18S ratio ranges from 0.05 to 0.97 and low RQI
values (from 2.6 to 5.1) which suggests partial degradation of the RNA samples.

4.2.2 Evaluation of Total RNA Extraction from Body Fluids

In the current study, a Norgen Biotek kit was used to extract Total RNA from body
fluids. According to the manufacturer, it is designed for total RNA extraction from
plant tissues, animal cells and body fluids including milk, urine and blood. The
results indicated that the Norgen kit was not effective in purifying RNA from the
body fluid samples used in in this study. NanoDrop spectrophotometric assessments
of the RNA from the body fluid samples revealed that the purified RNA was of poor
quality and quantity (Results Section 3.6.2, Table 3.17) and suggested further

extraction work assessing other extraction methods is required.

The maximum starting volume of each body fluid sample, using Norgen Biotek Kkit,
1s 200ul to prevent clogging of the column. Other extraction methods with larger
starting volume of the samples could improve the yield. Weber et al. (2010) isolated
RNA samples from 12 body fluid samples including breast milk, colostrum, saliva,
seminal fluid, tears, and urine. The purification of total RNA from these samples was
carried out using miRNeasy Serum/Plasma Kit from Qiagen using 300ul as a starting
volume of each sample. Weber et al extracted RNA from a range of different types
of body fluids with good quality and quantity. Hanson and Ballantyne (2013)

extracted total RNA from blood, semen, saliva, vaginal secretions, and menstrual
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blood using organic solvent RNA extraction. They started with a volume of 500ul of
each body fluid sample and purified RNA with good quantity and quality.

Several studies demonstrated the existence of miRNAs in exosomes (Zhang et al.
2015; Izumi et al, 2015; Cheng et al 2014; Montecalvo et al., 2012). Exosomes are
identified in many biological fluids such as urine (Mitchell et al., 2009; Nilsson et
al., 2009), salvia (Palanisamy et al., 2010), blood (Jayachandran et al., 2012; Kalra et
al., 2013), and breast milk (Zhou et al., 2012; Zonneveld et al., 2014). Exosomes can
be an enriched source of miRNAs as they work as a protective vesicle against
degradation of transport miRNA by RNase (Cheng et al., 2014) and they can transfer
exosomal RNA between cells (Montecalvo et al., 2012). Therefore, in order to
improve on the poor recovery of total RNA obtained by using standard total RNA
isolation Kits on body fluid samples alone, total exosome isolation from body fluids
was carried out followed by total RNA extraction from the isolated exosomes. Total
exosome isolation from camel milk and urine samples was carried out using
commercial kits (Results Section 3.6.2.1.1). Both commercial kits produced a pellet
of exosomes from camel milk and urine samples. However, no pellet of exosomes
was formed from bovine milk sample. Therefore, an ultracentrifugation method was
used for the exosomes purification from bovine milk sample and a pellet of

exosomes was obtained.

Body fluids contain various vesicles and particles; therefore, before carrying out any
further analysis, it is important to ensure that the purified pellets are exosomes and
no other contaminant particles such as microparticles or cell debris. There are
common techniques for characterising and assessing the purity of the isolated
exosomes such as Western blotting, flow cytometry, or electron microscopy (Thery,
2011). Western blotting is an appropriate way to achieve this (Lasser et al., 2012).
There are a number of proteins that are enriched in exosomes, regardless of their
cellular origins, which are commonly used for exosome detection. These proteins
include tetraspanins such as CD9, CD63, and CD81 (Andreu and Yanez-Mo, 2014).

Therefore, in order to confirm the identifying of the purified pellet as exosomes,
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immunoblotting analysis was conducted using an antibody against CD63. All the
samples were shown to be positive for CD63. Western blot results (Results Section
3.6.2.1.2, Figure 3.50) showed the presence of the tetraspanin CD63 protein,

commonly enriched in exosomes, in the isolates from all three body fluid samples.

Total RNA was then isolated from the lysed exosomes using the Norgen Biotek Total
RNA purification kit. Total RNA isolated from the exosome samples of the the three
body fluids was of low yield and poor quality (Results Section 3.6.2.1.3, Table 3.18).
The highest yield of RNA was obtainable from exosome sample of bovine milk
(18.37ug), while camel milk and urine exosome samples yielded 11.20 and 1.90ug,
respectively. The quality assessment was performed on the total RNA purified from
the exosome samples (Results Section 3.6.3). It revealed low RQIs (1.3, 2.1) and 26S
to 18S ratios (0.41, 0.03) of the RNA from camel milk and urine samples,
respectively. This result suggests further extraction work to identify the most
effective method of sample preservation and RNA extraction from body fluids that

provides an appropriate yield and the lowest level of RNA degradation.

Due to limited availability and amount of camel milk and urine samples, only 500ul
of each body fluid samples was used as starting volume in both commercial kits for
total exosome extraction. However, Total Exosome Isolation Reagent (from urine)
permits starting volume from 0.8-5ml of urine. Also, the Total Exosome Isolation
(from other body fluids) allows using starting volume from 0.2-1ml. Thus,
increasing the starting volume of body fluid samples could help to maximize
recovery of intact exosomes enriched with miRNAs for downstream application.
Also, the nature of the exosome membrane could potentially compromise the RNA
extraction process. Exosomal membranes have variable lipid content according to its
cellular origin. Some exosomes have firm membranes as its lipid composition is rich
in sphingomyelin and cholesterol (Mitchell et al., 2009). Therefore, using different
RNA extraction methods from exosomes is recommended in case of isolating
exosomal RNA from different cellular origins (Eldh et al., 2012). There are several

reports describing RNA extraction from exosomes using different RNA extraction
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methods. For example, Kogure et al. (2011) used phenol based techniques (Trizol®)
to extract exosomal RNA. Valadi et al. (2007) combined phenol and column-based
methods for co-purification of microRNA and total RNA, where the RNA was

extracted using Trizol and followed by ane RNeasy Mini Kit.
4.3 Quantitative Real Time PCR of target miRNAs

There are a range of techniques that have been developed to overcome the challenges
of miRNA profiling. Molecular experiments dealing with one or two miRNAs with
relatively few test groups use qRT-PCR, while studies aiming to discover and
quantify novel miRNAs make use of small RNA segencing. For larger studies
investigating multiple miRNAs at the same time, multiplex miRNA assays using
microarrays or RNA sequencing (Pritchard et al., 2012). gqRT-PCR is characterised
with high sensitivity, good reproducibility for miRNA detection with a wide
dynamic range of quantification (Bar et al., 2003; Chen, et al. 2005a; Reichenstein,
et al. 2010). Therefore, qRT-PCR was the technique selected for validating and
accurately quantifying miRNAs in this work. In addition to TagMan small RNA
assays which used to permit a specific detection of the mature, biologically active
miRNA for each assay by using miRNA target-specific stem-loop reverse

transcription primer.

Three plant miRNAs were selected for this initial study based on both their
likelihood of expression in the particular plants under study and their potential to
regulate human gene expression. The miRNAs chosen were: miR-166a, miR-167a,
and miR-168a (Methods Section 2.8.4, Table 2.5) as they are found to be highly
conserved across plant species and have had human gene targets identified or
predicted (Zhang et al., 2010a).

The comparison between Ct values for two plants A. spinosus and C. colocynthis
revealed that the Norgen kit gave the lowest Ct value (18.8) which indicates
abundant miR-166 in A. spinosus while the highest level of the miR-166 was

obtained using the PureLink kit in C. colocynthis. Ct values of 24.5 and 25.6
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indicated moderate levels of miR-166 for both plants using the Qiagen kit while the
Powerplant kit showed the highest Ct values (26.6, 30.6) and minimal amounts of
miR-166 level for A. spinosus and C. colocynthis, respectively (Results Section 3.6.4,
Figure 3.53).

The gRT-PCR results suggest variation in Ct values as a result of the methods of
RNA isolation used in this study. This variation could be attributed to quality of
isolated nucleic acid arising from the RNA extraction method. There are several
reports that provide evidence of the effect of RNA quality on the result of microRNA
expression studies (Imbeaud et al., 2005; Wang et al., 2008). A study by Hammerle-
Fickinger et al. (2010) confirmed that the extraction procedure of RNA can influence
the RNA quality and integrity, subsequently affecting the quantitative analysis of
gene expression. Accerbi et al. (2010) reported the impact of extraction procedure on
the composition of microRNA species in the final sample can interfere the
expression data obtained. For example, isolated RNA samples with genomic DNA
may also be detected in qRT-PCR, leading to inaccurate quantification of the target
transcript (Fleige and Pfaffl, 2006).

The isolated RNA from camel milk and urine were assayed for the presence of plant
miRNAs (miR-166, miR-167, and miR-168). Relative Ct values showed minimal
quantity of miR-166 in camel milk and urine samples and moderate quantity of miR-
167 and miR-168 were detected in both samples. The above preliminary study
suggests a robustness and ability of plant miRNAs to survive ingestion, digestion,
and transport to tissues within the camel. It also reveals that they are detectable in the
body fluid samples of camels despite, the low quantity and poor quality of the
isolated RNA from these samples.

4.4 Assessment of potential bioavailability of target miRNAs

In the current study, bovine milk samples were subjected to incubation in a drug

dissolution tester to examine the release of plant-derived miRNAs in these samples
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under the physiological conditions of a human stomach. The bioavailability
assessment of plant miRNAs was first carried out prior to ingestion and then while
they are in the gut. It was shown (Results Section 3.7, Figure 3.57) that miR-166
levels of bovine milk in the simulated digestion system had consistent levels from 0
min until 19 min and then demonstrated a significant (p = 0.01) decrease in their
levels after 38 min of digestion, suggesting a decrease in their resistance to
degradation over time. While consistent survivability of miR-167 and miR-168 were
observed during the early stages of digestion for 38 min. This indicates the resistance
of miR-167 and miR-168 to degradation suggested by their levels unlike the other
miRNA assayed.

The above results suggest a miRNA-specific robustness and resistance to degradation
suggested by the degradation profiles of plant-derived miRNAs. This degradation
could be attributed to the sequence-specific features differences between miRNAs

examined in this study.

Our findings support, an in silico study by Lukasik and Zielenkiewicz (2014) which
suggested that plant-derived miRNAs survive degradation in the digestive system in
quantities sufficient to make it to the serum and to access organs. Another study by
Liang et al. (2014) examined the survivability of plant miRNA ingested by
mammals. They fed mice with plant total RNAs extracted from Brassica oleracea,
including miR-172. This miRNA was detected in the blood, spleen, liver, and kidney
of the mice. This study demonstrated that plant-derived miRNAs ingested by
mammals can survive through the gastrointestinal system, and enter the bloodstream
and various organs of mice. Baier et al. (2014) studied the bioavailability of plant
miRNAs after their absorption and transport into the blood circulation in healthy
adult human subjects. They reported an increase of mMiRNA-200c and miRNA-29b in
blood serum after consumption of bovine milk. In contrast, Aucherbach et al. (2016)
analysed the samples provided by the laboratory of Baier and could not achieve the
same findings despite the Aucherbach study making use of samples provide by Baier

from his original study. However, lengthy storage of the samples and the change in

227



the temperature during sample transport could compromise the samples and decrease
miRNA recovery.

4.5 Quantification of gene expression

MicroRNA target prediction software for cross-species analysis was not available, so
the BLAST search tool was conducted using the sequences of a number of miRNAs
found in the plants in this study to see if there was any possibility of complementary
pairing. A BLAST database search showed a possible targeting of miR-167 to human
prolactin receptor mRNA (Methods Section 2.8.7.1). Therefore, the quantification of
PRLR mRNA levels of a number of human cancer cell lines was carried out to help
in the selection of cell lines for further studies based on PRLR status. That was
followed by examination of the potential for plant-derived miR-167 to alter the
expression of PRLR mRNA.

The wide distribution of PRLR in human tissues facilitates its role in various
physiological processes, including cellular growth and differentiation, angiogenesis,
hematopoiesis, reproduction, and lactation (Bole-Feysot et al.,, 1998). High
expression of PRLR has been associated with the development of various types of
cancer, particularly breast, prostate, colorectal, gynaecological, laryngeal, and
hepatocellular (Sethi et al., 2012).

There are various techniques that can provide quantitative values reflecting the
amounts of measured mRNA in samples. They differ in their accuracy and
reproducibility and the selection of the appropriate method can also depend on the
design of a particular experiment. These methods include in situ hybridization
techniques, nuclease protection assays (NPAs), Northern blotting assay, and qRT-
PCR (Fryer et al., 2002). In situ hybridization is used to localise expression of a
particular gene within a tissue or cell type, while NPAs are the easiest way to
simultaneously examine multiple messages. Northern analysis is the only method

that provides information about transcript size. qRT-PCR is the most sensitive and
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flexible method for detecting and quantitating the expression of individual or
multiple genes (Bustin, 2002; Nolan et al., 2006). In the present study, the procedure
utilised to detect and determine the abundance of PRLR mRNA was gRT-PCR.

The expression of PRLR in several human cancer cell lines was measured using gRT-
PCR analysis (Results Section 3.8.1, Table 3.20). The finding of high expression
levels of PRLR mRNA in ZR-75-1 cells is consistent with the findings of Nitze et al.
(2013) using the same quantification method (gRT-PCR). Several studies have
shown that most human breast cancer cells have higher PRLR levels when compared
with normal breast tissue (Ormandy et al., 1997; Touraine et al., 1998; Peirce and
Chen, 2001; Gill et al.,, 2001; Swaminathan et al., 2008). Comparable high
expression of PRLR mRNA in HelLa cells was also measured in this current study.
This data is in agreement with another published study (Lopez-Pulido et al., 2013).
Our results are also consistent with other studies, in which low PRLR mRNA levels
were detected in LNCaP cells using the same quantification strategy (Peirce and
Chen, 2001; Xu et al., 2001; Van Coppenolle et al., 2004). Low PRLR mRNA levels
were found in A375 cells in this current study. Only one study conducted by
Sustarsic et al. (2013) reported the expression of PRLR mRNA in human melanoma
cell lines (MDA-MB-435, UACC-62 and SK-MEL-5). In contrast to Wen et al.
(2014), our result reported that PRLR mRNA was not detectable in A2780 and
PANC-1 cell lines. This difference in the results could be influenced by the use of
different techniques as Wen and colleagues used immunoblotting for quantification
of PRLR expression. Quantification of PRLR mRNA in A2780 and PANC-1 cell

lines was not reported in any other study.

Data normalisation in quantitative RT-PCR is a crucial and fundamental step to
ensure accurate measurement of relative mRNA expression levels in the cells (Pfaffl,
2001; Bustin, 2002; Lindqvis, 2013). PPIB has been identified as a suitable reference

gene in an earlier miRNA transfection study in our research group.
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4.6 Modulation of gene expression by plant miRNAs

To examine if the identified plant miRNAs could have an effect on the expression of
the prolactin receptor, human cell lines which natively expressed PRLR were
transfected with a plant miRNA mimic or C. colocynthis total RNA and the PRLR
expression levels were measured. Transfection of cancer cell lines was carried out
using synthetic miRNA (miR-167 mimic) and miR-167-enriched fractions obtained

from the plants studied in this work.

Small RNAs such as miRNA and siRNA are potent tools for controlling cellular
processes of gene silencing leading to the degradation of mMRNAs in a sequence-
specific manner dependent on complimentary binding of the target mRNA. The
target specificity of SiRNAs in cell culture and animal studies has led to use them as
robust therapeutic and diagnostic tools (Dorsett and Tuschl, 2004). A study
conducted by Elbashir et al. (2001) demonstrated that synthetic SIRNAs could mimic
the natural siRNAs product and suppress expression of endogenous and heterologous
genes in different mammalian cell lines including human HeLa cells. In 2014,
Kavarthapu et al. studied the expression of PRLR mRNA in T-47D breast cancer
cells after transfection of these cells with synthesized siRNA targeting the PRLR
gene. The study revealed that the synthetic sSiRNA had a noticeable down-regulation

effect on PRLR mRNA expression.

To obtain an effective transfection process, there were essential parameters that were
taken into consideration. Firstly, a suitable transfection agent is needed to enable
effective small RNA uptake and efficient release of the small RNA inside cells
(Khvorova et al., 2003). It has been shown that HiPerFect from Qiagen can
successfully transfect sufficient levels of small RNAs into cells to modulate gene
expression (Pallet et al., 2008; Fischer et al., 2010). Therefore, Qiagen’s HiPerFect
was chosen in this current study as the transfection reagent. The effect of HiPerFect
reagent alone on expression profile of PRLR mRNA was assessed in all tested cell
lines to avoid the potential toxicity that might be produced by this reagent. The
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expression of PRLR mRNA was close to control in each cell line and there was no
cytotoxic effect on the cells with HiPerFect. Following the procedure recommended
by Qiagen, the HiPerFect efficiency was optimised for volume of reagent and to
examine the influence of different ratios of transfection reagent to small RNA. The

optimum transfection volume of HiPerFect used was found to be 12pl.

Secondly, a negative siRNA transfection control was required. It was reported that
this negative control was not similar in structure to any known mammalian gene
(Jensen et al., 2014). It was used successfully as negative control siRNA and to
assess the efficiency of siRNA uptake in different knockdown experiments (Phillips,
2011; Goldgraben et al., 2016). It was therefore expected that the transfection of this
small RNA would not affect the PRLR mRNA expression. Indeed, the transfection of
cells with the fluorescent AF488-labelled AllStars Negative Control had no effect on
PRLR mRNA expression. The highest level of fluorescence was observed with cells
transfected with 150ng of Allstars Negative Control siRNA and 12ul HiPerFect.

Thirdly, a positive siRNA transfection control was required for this study. All the
cancer cells were treated with the Qiagen AllStars Hs Cell Death SIRNA. The
AllStars Hs Cell Death SIRNA when successfully transfected results in death of the
cells and has been reported as a suitable control for use in optimization of gene
knockdown in various experiments (Ovaska et al., 2010; Venkatadri et al., 2016).
The highest level of transfection, as shown by greatest reduction in cell viability, was
observed in all cell lines by using 50nM (125ng) siRNA and 12ul HiPerFect. These
results suggest that the AllStars Cell Death positive control works as a suitable

positive control for transfection.

Fourthly, evaluation of the time point at which gene modulation might occur
following transfection was conducted. In the present study (Results Section 3.8.2.1),
five different time points (6, 12, 24, 48 and 72h) were chosen to determine the best
PRLR knockdown time. Among these time points, the highest gene silencing was

seen at 72h following delivery of siRNA to the cells. That was compatible with the
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range (between 24-96h) as previous studies (Chang et al., 2012). The assessment of
the time point of 96h was not be possible because most of the studied cell lines

appeared over confluent at that time.

4.6.1 Expression of PRLR mRNA after transfection of miR-167 mimic into

several human cancer cell lines

In this current study, to evaluate the possible regulation of PRLR expression by miR-
167, several cancer cell lines were transfected with miR-167 mimic and processed as
described in Methods Section 2.8.8.2. Quantification of the PCR signals was
performed by comparing the cycle threshold value of the gene of interest with the
cycle threshold value of the reference gene PPIB. Values are expressed as fold
increase of MRNA relative to that in not treated cells.

The result data (Results Section 3.8.3, Figure 3.59) showed that 150nM of miR-167
mimic was able to significantly up-regulate (4.05+0.41 fold, P = 0.01) PRLR mRNA
expression in ZR-75-1 cells compared with control cells. This up-regulation effect of
miR-167 mimic could be attributed to the interaction between miR-167 mimic and
another gene or pathway that was able to induce an up-regulation effect on the PRLR
MRNA expression. It has been shown that an individual miRNA is able to control the
expression of more than one target mMRNAs and that each mRNA may be regulated
by multiple miRNAs (Jones-Rhoades and Bartel 2004). Also, it has been reported
that the overexpression of PRLR mRNA may induce abnormal proliferation of breast
epithelium (Pan et al., 2007). However, there are several studies reported that the
down-regulation of PRLR mRNA expression in breast cancer cells causing reduction

of proliferation of cancer cells (Tan et al., 2011).

In contrast, miR-167 mimic caused down-regulatated (5+0.05 fold) of the PRLR
MRNA expression in A375 cells compared with their corresponding controls. To
date, there have been no studies focusing on the analysis of PRLR expression in
melonoma. The data presented in this work suggest that further studies are required

to determine the potential role of PRLR in melanoma.
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The expression levels of PRLR mRNA remained unchanged in HeLa and LNCaP
cells after their transfection with miR-167 mimic. This suggests that there was no
interaction between PRLR mRNA and the synthetic miRNA to produce down-
regulation effect of target gene. There are several studies reported high expression of
PRLR mRNA in different cervical cancer cells and suggested a potential role for
PRLR in the progression of cervical cancer, making it a potential target for
theraputics (Lopez-Pulido et al., 2013; Ascencio-Cedillo et al., 2015; Arellano et al.,
2015). Also, it has been shown that a PRLR-specific antagonist, S179D, decreases
cell growth and proliferation of prostate cancer cells in vitro and in vivo (Wu et al.,
2005; Huang and Walker, 2010).

The results showed that miR-167 mimic did not seem to have a downregultory effect
on PRLR expression in the studied cancer cells. The major challenge in determining
miRNA functions is to identify their regulatory targets. As there is no tools offer the
ability to integrate heterogeneous miRNA and mRNA datasets for multiple species
within a platform, a BLAST database was used in this study. Therefore, the BLAST
database may not be an appropriate tool for predicting cross species targeting of
genes by miRNAs. Thus, miR-167 could not target PRLR mRNA effectively to
produce silence effect on this gene so using other target prediction software could be
successful. There are other microRNA target prediction tools reported to succesfully
predict target gene of plant-derived miRNAs. One study by Zhou et al. (2015) used
RNAhybrid tool (Kriger and Rehmsmeier, 2006) to identify the sequences in
influenza virus mRNA that bound to plant miRNA, miR-2911. The study showed
that miR-2911 directly interacts with the predicted genes, inhibits their levels, and
prevent viral infection in vivo. A study by Pastrello et al. (2016) demonstrated that
Brassica miRNAs regulate expression of human genes and proteins in vitro.
Targeting of Brassica miRNAs to human genes was predicted using the
Probability of Interaction by Target Accessibility (PITA) algorithm version
6 against human 3’ UTR (Kertesz et al., 2007).
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4.6.2 Expression of PRLR mRNA after transfection of plant total RNA sample

into several human cancer cell lines

Transfection of cancer cell lines was also carried out using total RNA sample
obtained from the plants studied in this work. That was to assess whether the isolated
C. colocynthis RNA sample (containing miR-167 among others) would have an
effect on PRLR expression as the miR-167 mimic in the tested cancer cell lines. The
initial observation was obtained from a single experiment and gave an indication that
the effect of the plant total RNA sample could be a part of what the miR-167 mimic

could accomplish.

A preliminary result (Section 3.8.4, Figure 3.60) of transfection of human cancer cell
lines with a plant-derived total RNA sample showed an up-regulation effect on the
most treated cells and a down-regulation effect was observed at 150ng of total RNA
sample on ZR-75-1 and at 300ng on A375 and LNCaP cells.

Depending upon the isolation method used, extracted total plant RNA can contain the
high and low molecular weight RNA species present in the plant. These would
include all miRNAs, and other small RNAs. As xenomiRs, these molecules could
potentially regulate mammalian transcripts and produce effects if they were able to
enter cells. However, the level of miR-167, for example, would be too low in the
total RNA sample to cause an effect on PRLR expression since the miRNAs with low
levels have a reduced probability of interacting with the target gene and
downregulating it (Brown et al., 2006). It is possible that the presence of salt and
solvent carry-over contamination in the extracted RNA from the isolation method
could have an effect on other genes and pathways within the cells which in

combination might cause an up-regulation effect on the expression of the PRLR.

The cell lines used in the current study are widely used in many scientific studies and
they are well reported as an important tool in the study of human biology (Ferreira et
al., 2013; Hasan et al., 2015).
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Further experemint could be done on to identify the endogenous miRNAs existing in
camel milk and urine followed by examination of these miRNAs for possible targting
of PRLR.

4.7 Assessment of genetic variability

As plant samples used in this study were collected from different sites, ISSR-PCR
was carried out to to ensure that the plant samples tested were of the same species.
There are several DNA-based molecular marker methods available for genetic
analysis of plant genomes. Characterisation of plants with such markers is an ideal
method for identification of plant species. These techniques include random
amplified polymorphic DNA (RAPD; Williams et al. 1990), directed amplification
of minisatellite DNA regions (DAMD; Heath et al. 1993), inter-simple sequence
repeats-PCR (ISSR-PCR; Meyer et al., 1993; Zietkiewicz et al., 1994) and amplified
fragment length polymorphism (AFLP; Vos et al. 1995). ISSR-PCR method was
used extensively and succesuffuly to study genetic diversity between plant species
(Tamhankar et al. 2009; Al-Turki and Basahi, 2015). Several studies reported that
ISSR markers show higher reproducibility than other approaches such as RAPDs
(Micheli et al., 1994; Fang and Roose 1997; Kojima et al. 1998; Semagn et al.
2006). Thus, ISSR-PCR was chosen as the most appropriate strategy in the present

work.

ISSR-PCR technique was applied for two samples of each plant (T. aphylla and C.
colocynthis), collected from different locations, to ensure that the samples of each
plant belong to the same species. It was shown in Figure 3.61 (Results Section 3.9.2)
that DNA bands generated for most dominant DNA markers had variable intensities.
This variation can produce low reproducibility of ISSR reactions and compromise
the banding pattern in ISSR experiment (Ng and Tan, 2015). Based on these results,
it was not possible to confirm if the two plant samples are from the same species or
not. Bands with weak intensities which are not enough to be properly visualised
when fractionated by electrophoresis in an agarose gel could be a result of using
template DNA of low integrity (e.g. degraded DNA). To overcome this issue, it is
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recommended that fresh material is used to produce intact DNA as most of the
reported DNA extraction protocols use fresh leaves. However, in the current project,
dried plant samples were used because the samples were collected from a distant
place and it was not possible to keep fresh samples until the extraction process was
commenced. Also, using unequal starting quantities and qualities of template DNA
for the PCR reactions could result in inconsistent concentrations of PCR
amplification products and affect band intensities, compromising the banding pattern
(Semagn et al. 2006). Therefore, adjusting the amount of template DNA used in each
PCR reaction is an important factor to ensure reproducible banding pattern (Ng and
Tan, 2015).
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Chapter 5 Conclusion and Future work
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To sum up, the current study provided some promising results with respect to four
investigated desert plants from a natural products perspective.

A total of 16 compounds, including two mixtures were isolated from the plants. One
compound was identified as novel natural product, namely trans-coniferyl acetate-4-
O-sulphate (TA-1b) which was isolated as part of a mixture with trans-coniferyl
alcohol-4-O-sulphate (TA-1a). This fraction was isolated from the leaves of T.
aphylla along with isoferulic acid-3-O-sulphate (TA-2), luteolin (TA-3) and N-
methyl-4-hydroxyproline (TA-4). All compounds, except for TA-3, are reported for
the first time from this plant. The cytotoxicity investigation revealed for the first time
that fraction TA-1a and TA-1b presented cytotoxic effects against the A375 cell line,
with an ECso of 25.18+1.5ug/ml compared with the normal cell line. While, TA-3
exerted cytotoxic activity against HelLa cells (86.50+0.51uM), compared with the

normal cell line.

Fractionation of R. epapposum extracts led to isolation and characterisation of four
compounds for the first time from this plant, which were identified as 2-
hydroxyalantolactone (RE-1), chlorogenic acid (RE-2), 3, 4-dicaffeoylquinic acid
(RE-3), and a mixture of 3°,4°,5,7-tetrahydroxy-3,6 dimethoxyflavone (RE-4a) and
3',4°,5,6-tetrahydroxy-3,7-dimethoxyflavone (RE-4b). All these isolated compounds
were previously reported to have activities such as antioxidant, anti-cancer, anti-
inflammatory, antiviral, and antibacterial activities (Al-Yahya et al., 1984; Xu et al.,
2013; Filip and Ferraro, 2003; Kitamura, 2006).

Chromatographic separation of A. spinosus leaves resulted in the isolation of four
compounds; pinitol (AS-1) and maackiain (AS-4) that were reported for first time
from A. spinosus while, cycloastragenol (AS-2) and cycloastragenol-6-O-glucoside
(AS-3) were isolated previously from this plant. The above compounds are well
documented as antidepressant, antidiabetic, antifungal, antioxidant, hepatoprotective,
wound healing, antineoplastic, diuretic, tonic and antiallergic treatments (Nalbantsoy
etal., 2012; Zhao et al., 2015; Wu et al., 2016; Yoon et al., 2016)
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Phytochemical investigation of C. colocynthis resulted in two known compounds;
cucurbitacin E (CC-1) and its glucoside (CC-2). In this study, CC-2 exhibited
specific cytotoxic activity against A375, A2780 and ZR-75-1 cell lines, with ECso
values of 58.00£1.20uM, 62.27+1.76uM, and 55.25+£1.15uM, respectively. They are
reported to have a wide range of biological activities such as anti-inflammatory,
analgesic, antimicrobial, antihelminthic, antitumour, antioxidant, free radical-
scavenging, antiproliferative, hepatoprotective and cardiovascular in vitro and in vivo
(Blaskovich et al., 2003; Chen et al., 2005b).

Therefore, the desert plants used in camel fodder can be considered a rich source of
valuable bioactive compounds, some of which are well documented to treat a wide
range of diseases. Thus grazing of these plants might add therapeutic value to camel
milk and urine through the excretion of the plant active compounds or their bioactive
metabolites into camel biological fluids followed by potential availability to help

improve the health of the consumer.

From a molecular biology aspect, the results confirmed the presence of some plant-
derived miRNAs in camel milk and urine samples and demonstrated the robustness
of these molecules to the conditions that would be met in the gastrointestinal tract of
animals and humans. However, it was not confirmed that the identified miRNAs are
at the levels/concentration needed to elicit an effect at the expected consumption
volumes. This preliminary result can be useful for future research to further
investigate the therapeutic value of camel milk and urine which could be attributed to
other plant-derived miRNAs or the endogenous miRNAs in camel body fluids.

Further work is required to analyse the milk and urine samples to check if any of the
isolated compounds or their metabolites exist in the camel milk or urine. This could
be carried out using techniques such as NMR, LC-MS and Gas chromatography—
mass spectrometry (GC-MS) (Sundekilde et al., 2013; Bouatra et al., 2013). This
step is required to assess the potential effect of these compounds and their

metabolites on human health.
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The isolated compounds TA-4 (11mg), AS-4 (13mg), and RE-4 (14mg) were low in
quantity with some impurities. The purification work on these compounds has not yet
been completed because of the limited time and limited quantities of plant materials.
Thus, for future work, the same chromatographic procedures could be repeated with
larger amounts of the fractions to improve the yields. Also, further separation and
subsequent purification have to be continued to purify the isolated compounds.

The purification work on the mixture of TA-la and TA-1b to isolate the pure
compounds in sufficient quantities was not successful. Therefore, for further work on
this mixture, alternative separation techniques such as HPLC could be used. With
further investigation into TA-1b, the new compound, its presence could prove to be a
useful find. Since other properties such as antimicrobial and anti-inflammatory
activities are common in this plant (Vadlapudi et al., 2009; Yokosuka and
Algasoumi, 2011), tests could be carried out to evaluate these properties as well. This
would involve techniques such as both dilution and disc diffusion assay, and

carrageenan-induced paw oedema model.

The most significant issue in this study was the impact on the work of limited
quantities of camel milk and urine samples, dried plant stocks, and the lack of fresh
plant material. Therefore, if further work is to be carried out large quantities of body
fluid samples and fresh plant material should be made available for an in-depth

study.

The results using total RNA sample to examine its possible effect on PRLR mRNA
expression were considered to be preliminary experiments because they were only
conducted once and need to be further investigated. Mlotshwa and others (2015)
synthesized three tumor suppressor miRNAs (miR-34a, miR-143, and miR-145) that
mimic plant miRNAs. They reported that oral administration of the mixture of these
synthestic miRNAs reduced tumor burden in mouse model of colon cancer.
Therefore, it might be possible in the future to use plants to produce potential

therapeutic miRNAs with an inherent robustness and in sufficient quantities to
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provide a cost-effective alternative to currently available synthetic RNA production
and delivery methods.

Further work in the future is required to identify and profile conserved and potential
novel miRNAs that could exist not only in the studied plants, but also those
endogenous miRNAs in the camel body fluid samples in order to further develop
target gene prediction. This step could be done by qRT-PCR, deep-sequencing,
miRNA microarray assays, and computational methods (Mackowiak, 2011; Liu et
al., 2014).There was not any study describing the effect of the plant-derived miRNAs
on the camel physiology. Therefore, further study in this regard is important and

required to be carried out.
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